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ELECTRICITY IN MODERN LIE! 




P R E F A C E 


In thib little vohuno I have eudoavoriul to give a l)rie£ 
blit intelligible and eonnectod nketch of the more im|)ortant 
of the numerouH UHefnl funetioim fuHilled by Klee.tricitj in 
modern daily life, the mdeutilie prineijdeB undmdjing thcHci 
|)nu‘.tieal applicationn, and the hintory of their iltnadopmeni. 

It in addresscvl primarily to reailm'H wlu^ have no previous 
knowledge of the Hubjeet, but who wish to know something 
of what Kilectrieity has \)vm math? to do fiir im, ami of how 
it has biHUi nuule to do it. I trust, howi'ver, that it may also 
be of Borne use to HtudentH who are just beginning the ntudy 
of priiotieal Kleetrieity, by giving them a general view of the 
Held of knowledge wlueh they will afterward Itave to atiiily 
in detail 

1 have to thank my friend, ProfesBor Sylvanus II ddioinp- 
«on, and his publisherB, Spim, for pmauisHion to uhii 

liiH excellent Berms <d skideton tliiignuiiH illuHiraliug ilici 
prineiples of ilyniimo eoimirueiion ami regulation, kigether 
with some other illusirations from his iHuiaimeKieetrie 
MimliiiHiryi** a immt valuable work, wlueh every eleoirieiil 
engirteering ntudent slioubl not only tibliiiiii liiit cmrefiilly 
iiutly. I am also ttnlebieii to Frofessor TlionijiBiiii iiml his 
imldishers bm the illiintniticinB of Heists Ttdrpiioiie, wliieli 
lifts iiiketi from his book on the subjetU. 

My frieiut, Mr. Preeee, and Ids publislsr'rB, Messrs. ..Long- 
iiiiiiis, iiiid Messrs. Whitaker, liiive Itiiil nm liiiilijr greiil 
©bligiilioiii lij their |mrirtisjiion to itiiike freti tisti of tli# 

m 
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illustrations in Preece and Sivewright’s standard work on 
Telegraphy, and in Preece and Maicr’s recently j)ul)lishe<i 
volume on the Telephone. 

I also have to express my thanks to the editors and puh- 
lishers of “The Electrician” and “Engineering” for the usis 
of illustrations, and to Messrs. Croshy, Lockwood h do, for 
some illustrations which I have taken from Sahine’.s valnnhlo 
historical work on the Electric Tedegrajih. 

In tracing the history of the tclegrajili and of suhmuriiiti 
telegraphy I have been much indehted to Mr. ,L J. Fahif’s 
“Histojy of Electric Telegrapliy,” whicli first appiem-d in 
the pages of “The Electrician,” and to Wiinsidtcndorfr'.s 
“Trait<i de T(ildgraphio Sous-Marine,” tlic lic.st work on 
Submarine Telegraphy which has yet been joildisliei!. 
lastly, I have to thank my brother, E. W. de Tunr.elmiinn, 
M.B., for contributing the chapter on Medical Kli-ctricit y. 

G. W. I)K TrXZKI, MANS'. * 

65 Lonseidoe Eoaii, 

South KEtfsiNOTON, 

Oohler 30, 1889. 
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OIIAP'l'KH t 

WHAT WK KKOW AHOl'T WLKCTUUSITY 

1 '‘r won IjD \m of i\w inUjmni t<» traoii tli« progmsa 

of our knowknlgo of olootruml p!itin«nn«^na frcun tlinimrlj 
tiriu.! %vhini ilus Clrtn^k philn.Muphi^r Huilra Urni ol»Mt‘rvo(l 
that a pii.H!o of amhor rulilttMl with varimiH aultj^iaiu’r^ wum 
oajmlila of at4,raoting light t»l»jreta, hut iiio ^iorj woiiKl ito« 
miuid a v«»ltiiiio to iiaolL j^I will try, thoroforo, to aoi forth, 
m l>rioily m poiiailitci, lha ptmmii atiitii of our kiiowlaclgo 
of tha uatura of iiliiotrioal phanoruaiia atul of tlio riic»fir!f4 liy 
whic*h aI<H‘t4nf*al nflimm iiuiy ho jiro«lu(*i‘»L\ 

If a dry glin^H r«H,l in nihhoti witli uoa of moating* wa\ or 
auil ilia roda ara hung up l*y tliroiida ao tluii tiny aiiii 
iiiova fraaly, thay will ha fouiul to iiitriiat vnvh otlitu-; hut if 
two rotln of raHiii ruhlitHl with ghiaa, or of gliii4i4 riililiw} witli 
riiiiiii urn hung up iiimr togatliar iluy will rapal tmali ntiiar. 

Tint rmla urn than wii«i ki ha alaa.iritia«l| iiinl iif< lliay 
axliihit two iliiiliiiat phaiiiiitianii«tiiiiiialy, iillTiiaiioit niiil 
mm llial Ihara iirti Iwn tlinti-nc’l kiiiiiii of 

iilaatrifliuitioii, 

if tlia roilg ara laid iiaida for ii ahort lima iliay will tm 
fciiiinl til liiivti loal lhair powar of iiltriialiiig or ra|Mdliii|C 
taeli iilliar. Ttiiiiia |iltarioiiiaiiii iiiiiy ki ptili niorti 
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clearly by rubbing tbe rods with silk, when it will be fouTid 
that two similarly rubbed rods will repel each other iind two 
dissimilarly rubbed rods will attract each other. 1 he edeu*,- 
trification of glass rubbed with silk is known as vitn^ouH 
electrification, and that of resin, rubbed with silk as 
ous electrification. 

The ordinary cylinder or plate electrical machincH art^ 
simply convenient devices for rubbing a glass plate or cylin- 
der with silk or other suitable substance iti such at matnner 
as to obtain electrification in a coniparaitively hirge cpianiity. 
The electricity, as it is obtained from such a !iuu‘him% m 
allowed to pass to a cylinder of brass sui)porte{l upon gtasB 
legs, usually known as the prime conductor, and after the 
machine has been in action for a short time, it will b<' found 
that on bringing the finger to the prime conductor a spark 
will pass. If before trying tbis experiment the prime con- 
ductor is connected with the ground by a wire or cduun, no 
spark will be obtained. The rcasoTi for this is that tht‘ tdt'c- 
trification produced upon the prime conductor is able to 
pass through th^ glass, but passes away as rapidly as it was 
produced through the wire or chain. This shows that smim 
substances will allow electricity to pass tlircmgli tlumi witti 
facility; such substances arc called good condu<‘tors, CHliiw 
substances only allow electricity to pass -with great difficiilfy, 
and they are called bad conductors or insulators. Tint best 
conductors known aro metallic bodies. 

Dry silk is a bad conductor of eku^tricity, and therefow 
a conductor suspended by a dry silk thread will rutiiiii it« 
electrification for a considerable time. Hesin, and glugs tm 
from lead, are even worse conductors, or, in other wcirdi^ 
better insulators than silk, and are therefore ernriTiionlj lined 
in making insulating stands for electrical ap|)ariitiis. Tliej 
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must 1)0 ko|)t ilry, for if a film of moisture is allowed to form 
upon their surfaces this film will carry away the electrifica- 
tion. Air and other gases are absolutely perfect insulators. 
A simple and convenient instrument for detecting electri- 
fication consists of ii small pith-ball suspended from a sup- 
|>ort ly means of a <lry silk thread. If an tdec».trifii^d body 
is brought lu^ar to siudi a l)aH it will attract itj but when it 
e(UU(‘.H intt) (umtae.t with the charged body the l)all will take 
a portion of its (duirge and will be immediaUdy reptdled. 
Hue,h an iustrtiment, being capable of indicating the exist- 
enc.i^ of idt'ctrilhuition, is called an eUa^troscope, 

fi^ake a rod of resin or sealing-wax, and have a stuall 
fliuinel cap made to fit exactly over the <md of the real, and 
having uitrmhed to it a dry silk thn^ad. Now plact* the ca}> 
upon t!m end of tin* rod ami ttirn it round seviuiil tiines so 
m to rul) it against the rod, and then hriiig i!m rod mid the 
eiiji iogt'ther to tlie suspended pitlehall-’- 4 t will liiive no efTect 
wliatciver upon the ball; but if the flannel eiip is removed by 
means of the silk thread and lirought near to the pith-Inill 
it will attract tin* ball ju.vt as tlif char|*;rd otCidmUor ilid, 
and after tie* ball bus timclnal the thumel it will Ite repelled. 
If the rot! ■which was rubhetl with the limmel is ihtui liehl 
iieiir tin' pitlidmll, the Itall which was liefore repelled will 
be iitlraeted. 

Mow I will supjiose tliiii the remler has no fiirtliur knowf- 
edgo of wd'iiit eleelrilicatifUi eonsism in iliiiii ftiis lirrii fur* 
iiislieii by the foregoing experinieiiis, iiinl I %vi!I ask liiiii 
ki etirisidi’r what information they eiui give fMiiicertiiiig ili 
lilitiiri^ What has been proved is tliiil ini eleelrieity m iiel» 
tiiilly gtiieratoil, ft»r the eleetrirauilioiis of the litulifis 

are eijiinl in loirrmnl, but opposiitt in sign, 

liiiiigitiii for a inoiiiesit tliiit ebetrifyiiig ii lioilj 
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consists in adding a certain something to it, then electrifying 
it negatively to the same extent will simply mean takiiig 
away an equal amount of that something from it At this 
stage an analogy will be of assistance, for the great diOknilt j 
of forming exact conceptions of electrical action lien in the 
fact that we have no electrical sense. We arc able, by niciiiirf 
of our ordinary senses, to detect the prcBenco, or tint traiiH- 
ference from one place to another, of solids, li<{uiilH, vr 
gases. Our senses again will tell us when one body is hot- 
ter than another; but we have no correspomling mcaim of 
directly determining whether one comlin^tor is mor<* <»r less 
highly charged with electricity than another, Oousiih'f, 
then, what happens when a liquid — such as wattn*, for <vx- 
ample — is poured from one vessel into another. If wo have 
a certain quantity of water contained in two veHseds, wo may 
pour water from one into the other; but the exact amount 
poured into one must be taken out of the other, always sup- 
posing that no water is broiiglit in from otitsidr, and that 
no loss takes place of the total amount in the two 

Kow carry the analogy a step further. Su|>|>ose tlm waiter 
to be at the same level in the two vobbcIb, and auppoBt.^ we 
have the means of connecting the two hy a tube, by which 
water can be driven from one into the otlmr, do this, 
suppose the vessels to be cylinders, ami suppost^ that a pis- 
ton fits air-tight into each cylinder, imd floate upon the waliu* 
contained in it Imagine that the vcsbcIb are opaqui\ so thiil 
we cannot see what goes on inside them; hut assiiiiitf ilntt 
have the means of forcing down one of the piskiiiii, no mi 
drive the water into the other vessel Let the ipiii^tt dmm 
the piston in each cylinder be occupied by air, and h*i n tuki 
with a narrow opening be fitted into the top of cmcdi cylin- 
der. Kow let the pair of cylinders be given to mnm one 
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who is ignorant of what they contain, and ask him to work 
the mechanism for depressing the piston. Suppose, more- 
over, that he does not know which piston is depressed by 
the meehanism. lie will have no direct means of observing 
the amount of water inside; but if ho allows some light ob- 
jects, such !ia piecum of tissue paj)or, to fall near the ends 
of the two projecting tubesa, ho will liiul that the pajxsr is 
attracted teward one tube and repelled from the other— the 
reason, of which ho knows nothing, being that tlie water, 
which is forced into one oylinder, drives out the air above 
it through its tube, while the descent of the piston in the 
other cylinder allows air to rush in through its tulKS. He 
will therefore llnd two different elbicts produced^ — namely, 
attraction of the paper to one tube, and its rejnilsion fnun 
the other. If now ho takes a tube of the form of the letter 
“Y," ami eonneets the two arms by means of India-rubber 
tubes with the tubes jssuing from the two cylinders, he will 
find that pieces of paper platsed near the stem of the “Y” 
tube will neither 1>© attracted nor repelled, tins reason of 
course being that, tlie amountof .'lirsnekeil into <ine fylinder 
is eipial to the amount driven out of the other, so that no air 
is either driven out of the stem of tho“Y” tulie or sucked 
into it. We -must suppose that the exjterimeuter is only 
able to observe the nttrac-tion of the pajssr to one tube ami 
its rejmlsion from the other, and that lie has no tneans of 
finding out that these are caused hy the e.xpul.Hioii of the air 
Ifftiti one lulus am! hy its being sucked into the other Ho 
will tlien fore have exatitiy similar data to those obtained 
from the eleetrieal eX|KsrinienlH, ami he will draw the con- 
elusioii that the etfeet of working the meehaitistn is to cause 
the two cylinders to give rise to two distiiiol elfeels, but 
that the sum t<ital of the two aoitons is wro. This analogy 
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will ielp to explain How it is that tliougli \v<i know alwo- 
Intely nothing of what electricity really is, y(;t we arc en- 
titled to assert that, when electrification takes jiluce, some. 
thing occurs like the transference of an iueainpressihle lii|uid 
from one place to another. 

In the application of electricity to practical jmrposcs what 
is required is either to maintain a continuous flow of electric- 
ity through a conductor, or to make it surge rejicaU-dly I back- 
ward and forward through the conductor. It is tliercfore 
necessary to consider the means hy whicli elcetrieily 1^111 he. 
set in motion. Take a metallic cylinder resting liorizonlaily 
upon an insulating stand, and from each end of it su>i.cnd 
hy means of a thread a pair of pitli-halls. Then hriii;; omt 
end of the cylinder near to a conductor charged with, say, 
positive electricity, and it will be found that tho pitli l.ails 
will immediately diverge from each other. Now rub a piece 
of sealing-wax with some silk, and, keeping the eiiaig. d 
conductor near the end of the insnlatial cylimlcr, i.riu'' lim 
sealing-wax near to each pair of balls in siiccessi.in, wlnm it 
will he found that the pair nearest to tho oomlueU.r will he 
repelled from it, showing that tho nearer end of the eyimder 
with the balls suspended from it are negatively eleeirdh-d. 
The pair at tho other end of tho cylinder will be found to 
he attracted, showing that the further end is positively 
electrified. Tho effect of bringing tlio insulated eylimh'r 
near to the positively charged conductor bus, tiierefore, 
been to charge its further extremity positively and its n.-arer 
extremity negatively, so that a positively olmrged body not 
only repels a similarly charged body, but it also driven 
tricity, of a similar kind, to the further portion of tlm run. 
ductor into the neighborhood of which it is brought 'I'hi* 
is called electrical induction. 
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Consider the qu^tion of electrical induction somewhat 
further. Take a cylindrical glass jar, and coat it, both in- 
side and outside, to within two or three inches of the top 
with tin-foil. Then place the jar upon an insulating stand, 
and connect, by means of a wire or chain, one of the tin-foil 
coatings — say, the inner one — with the conductor of an elec- 
trical machine, and work the mac-luno for a short time. Wo 
should than expect the coating in coimeotioii with the con- 
duotor of the machine to have rtKicived a charge from the 
latter. If the jar is disconnocUHl from the conductor we 
should therefore expect, on presenting a finger to the inside 
coating, to receive a spark. If the jar is thoroughly dry at 
the time of making the experiment, so tliut the inner coating 
is well insulated, a small spark will bo obtained if the 
raachino was acting properly; but it will Ih> a very feeble 
one. Now repeat the same exporiment, having previously 
oonneoted the outer coating with the earth. It will theu lie 
found that after turning the machine m many times as before 
a very much stronger spark will Imj obtained on presenting a 
finger to the inner coating, tlierehy eomiecting it, through 
the ohserver’s body and the earth, w»'*h t* coating; 

and indeed, if the jar is a large one, and the machine is 
in good condition, the strength of the spark will proliahly 
be such as to prevent atiy ilesirc for a repetition of the 
experiment. 

Now, what is It that has taken place, and what is the 
cause of the iliflcreneo in the two eases? The fluid analog 
will here iigaiti !m) of assistance. A conductor will he repre- 
sented hy a tube; and an iitsiilnUtr, or, as Faraday oailod It, 
a dieleetrie, Ity a partition across tfie tulm, which will no# 
allow water to flow through it, hut of such a nature, how- 
ever, that the water upon one side of the division may be 
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capable of acting upon tbe water at the otiicr «i(lo. Tlio 
latter condition is necessary in order to reprcscint the el<H-.tri- 
cal actions, for it has been pointed out that wlitiii a churged 
body is brought near to a conductor, hut is from 

it by a dielectric, such as air, for example, tin; <'lfet.rie!ty 
similar to that on the charged body is drivim to tlm further 
portion of the conductor. 

Suppose, therefore, that the tin-foil coatings of the. jars 
are represented by two tubes, while the dieh'etrie, glass, is 
represented by a division, convsisting of a sheet of some elas- 
tic substance — for example, a thin sheet of India inhher. 
The opposed surfaces of the tin-foil coatings an: wjiurated 
by means of the glass of the jar, and one of the non ojijiOM'd 
surfaces is in contact with the dielectric, air, while the other 
is connected with the conductor of the cleetrieal nmehine. 
The state of things in the first experiment may thereforo ho 
represented by closing up the end of one of the tubes with 
.a second sheet of India-rubber, attaching a juunp to llm 
other tube and forcing water into it. The Iiulia rubber 
separating the two tubes, and that which closes the eml of 
the tuFeTMily:* tlie pum[), will stretch slightly, iimi 
therefore a small quantity of water can ho fore.-d in, and if 
the tube connected with the pump is suddenly opened the 
India-rubber division will fly hack to its original position, 
and throw out the water just as the inner coating was dis- 
charged when touched with the finger 

In the second experiment tho outer coating of tin -foil 
was in connection with tho earth. Now, in ordtir that th.s 
electrical machine may continue to give a supply of , 
trioity, its rubber must be in connection with tho eai th; 
or the jar may be insulated and its outer coating connocti-d 
witb the rubber of tho machine, tho inner coating remain ii.g 
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in electrical cormootion with the prime conductor. To rep- 
resent the state of things in the second experiment the India- 
rubber covering must therefore be removed from the further 
extremity of the tube, and the tul)o allowed to dip into a 
tank with which the pump is also in connection, or the tube 
roprcstditiug the outer coating of the jar may be conneckHl 
dire(!t.ly with the pump. In either case, when the pump is 
worked, water will bo forced into the tube representing the 
inner coating, tlio same amount being simultaneously with- 
drawn from the other tulm; and if suflloient force is applied, 
this may be (jontinued until the India-rubber division 
breaks. Similarly, in ease of the jar, given a sufheieutly 
powerful imicbine, the eleotriflmition may be increased until 
the electricity eitlier tiverflows or iliscbargcs through the 
glass, which would ho broken in the process. If the jar is 
properly constructed, the tin-foil will be taken up so near 
to the edge that the disidiurgo when it takes place will ocour 
through the air, round the edge of tlto jar instead ol tlirough 
the glass, thereby saving the jar from dostruotion. 

'Phis expcrimctil itlustrutcH luimctlung more than the pre- 
vious ones vi'/,., it not only shows that the How of electricity 
is like the l!<»w of a liiiuid, but that it is like the flow of an 
incompressible liipiii!; so that in order to force electricity 
into any nonduotor an eipial amount must he simultaneously 
forced out of it. If this explaiiattoti of tho aetiott of a Is*y- 
ilen jar is eorreet, w« should e.xpeet tlio glass, or other 
diclccine, separating two oharged conducnir.s, to he in a 
state of constraint, and this has boon comdusively proved 
to be the case by e.'cumiuing the glass by the aid of |M»lar>» 
iised light. 

We are therefore justified in eoticlttding that whatever 
oleetricity really is, it lailu^ves exactly «» if it wore an iaeoia- 
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pressible liquid; and it follows that the first analogy for the 
production of electricity by friction between two conductors 
would haye been more exact if we had supposed the space 
aboye the pistons in the jars to be likewise filled with water, 
and the whole apparatus to be immersed in a tank of water, 
when, of course, instead of air flowing out of one tube into 
the other, we should have water, and the phenomena might 
be made evident by the aid of some light bodies suspended 
in the water near the open ends of the tubes. Water may 
be forced through the tube in various ways; but, other cir- 
cumstances being the same, the strength of the current of 
water — that is to say, the quantity which passes across a sec- 
tion of the tube in unit time — ^will depend upon the pressure, 
as will also the height to which the water can be forced. 
Again, if the vessels containing water are in connection by 
means of a tube, no flow will take place through the tube 
if the water is at the same level in both vessels; but if it is 
at a higher level in the first than in the second, the water 
will flow along the tube from the first vessel into the second 
until the levels become equal, because, as long as the level 
of water in the two vessels remains unequal, the pressure 
from the first vessel to the second will be greater than in the 
opposite direction. Since the flow of electricity may be 
compared to the flow of water, we should expect to find 
something analogous to difference of pressure as the cause * 
of the flow of electricity from one conductor to another. 
This has already been found to be the case in charging a 
Leyden jar by means of an electrical machine, what may be 
called electrical pressure gradually increasing up to a certain 
limit with the number of turns given to the machine; and 
with a large machine and a small jar the jar might he 
broken, or, if properly constructed, made to overflow. 
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With a small machine and a large jar, however, it would 
be found that after a certain number of turns no further 
effect whatever would be produced, showing that the limit 
of pressure attainable by means of the machine has been 
reached. This introduces the idea of what is called elec- 
trical potential. The difference of potential between two 
conductors, or between parts of the same conductor, is analo- 
gous to difference of pressure, due to difference of level in 
the case of water; and indeed electrical engineers very com- 
monly use the term electrical pressure in place of potential 
difference. 

Now, water can only flow from one part of a vessel 
to another when the pressures in different directions are 
unequal; but this difference of pressure may be produced 
in other ways than by difference of level. In the same way 
the flow of electricity may be produced by other means than 
difference of potential, and therefore the more general term, 
electro-motive force, usually denoted by the letters 
is employed, being defined as whatever causes motion of 
electricityo Potential difference is therefore a special way 
of producing E.M.F., just as difference of level is a special 
way of producing difference of pressure in the case of water. 

It must not be forgotten that it was originally decided to 
call vitreous electricity positive, and by flow of electricity 
to denote a flow of positive electricity — that is to say, using 
the water analogy, we suppose positive electrification to con- 
sist in an excess of water. The assumption that negative 
electrification consists in an excess of water might equally 
well be made, for although it has been shown that some- 
thing analogous to a flow of water takes place in a conductor 
which is undergoing changes in electrification, no criterion 
ban been obtained to determine the direction of the flow, 
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•vrldcli is absolutely unkno’urn, and we are Uttally ignorant 
also of the velocity of flow, which may, for all we know, bo 
a million miles in a second, or half an inch in a cisntury 
^ Friction between different substatices is not at all a con- 
venient method for obtaining an electric current through a 
conductor, for even when a very large frictional inaehino 
is used only very weak currents can lie ohkiiiuH], fl’he most 
convenient method of producing a current fur ordinary ex- 
perimental purposes is by means of some form of galvania 
or voltaic cell — a convenient form of cell for obtaining fairly 
strong currents for a short time is the w(dl- known lliehroiuato 
cell. It consists of a glass vessel containing a solutirm of 
bichromate of potash, with a slight truce of sulphuric ucid, 
and a plate of zinc and one of carhon, or morn frcijiuuilly 
two plates of carbon, one on each side of the zinc, imimuscd 
in the solution. If the carbon platos or plate arc then cuii- 
neoted with one cud of a wire or other conductor, white th« 
other end of the conductor is conrnscled with the zinc plate, 
a current of positive olcetrieity will How from the oartmu 
through the wire to the zinc, and through the Ihjuid fnim 
the zinc to the carbon. A single cell of thiB kind holding 
about a quart of solution is capable of nmintaining the light 
of a small incandescent lamp for some three or fi»ur htinru. 
If several of these cells are joined together Ity wuuu'cting 
the carbon of one to the zinc of the next, and so tm, tho 
arrangement is called a galvanic or voltaio haltiTy. If th« 
reader has a battery, say of four or live such cells, and % 
frictional maohine at oommand, ho will Ibid it iiiii'r»*stl«g to 
compare the current obtained from the batt4>ry wah thiA 
produced by the frictional ©leoteioal maohine. If the ruldwr 
and the prime conductor of the maohla© are eonnreudi 
together by means of a piece of fin® platiaain or iron wire 
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a few incTies in length, no effect whatever will he observed; 
but if the same wire is used to connect the last two zinc and 
carbon plates of the battery, it will be raised to a white 
heat, blow, a current of electricity, when passing through 
a wire or other conductor, always develops heat, and the 
reason that no heat is observed in the wire connecting 
the conductor and the electrical machine is simply be- 
cause the quantity of electricity passing is too small to 
produce any perceptible effect. 

If now two copper wires are connected to the free zinc 
and carbon of the battery, and their ends brought together, 
a small spark will be seen when they come in contact. The 
length of this spark will be so short that it would be impos- 
sible to measure it, while with an electrical machine of 
moderate size there would be no difficulty in obtaining a 
spark several inches in length. 

If, again, the inner and outer coatings of a Leyden jar 
are connected with the rubber and prime conductor of the 
machine, and the handle is turned for some time, the jar will 
either burst or overflow if the machine is powerful enough, 
and if not, a strong spark will be obtained from the jar on 
connecting its inner and outer coatings. If the ends of the 
wires from the battery are now connected with the inner and 
outer coatings of such a jar, it will be found that however 
long the battery may be left on, the jar will not overflow, 
nor will it be possible to get a perceptible spark on connect- 
ing its two coatings. What is required in order to charge 
a Leyden jar is not so much a large quantity of electricity 
as a high pressure, to use the language of an engineer, or a 
high potential difference, if we wish to speak scientifically. 
The electrical machine gives a high potential difference but 
a very small current, while the battery gives a vety much 



20 ELECTRICITY IN MODERN LIFE 

larger current with a mucli smaller difference eff poientiu!, 
or lower pressure! indeed, it would l)0 nccossurj’' tt> cinjdo\ 
a battery of many thousand cells in order to gt^t a potion I ini 
difference equal to that produced by even a small fru*t ioniil 
machine. 


CHAPTBll II 

WHAT WE KNOW ABOUT KAON KT IBM 

I T has been known since very early tinu‘H that a certain 
mineral, commonly called lodcHtono, posHCSBCB iwti vt^ry 
remarkable properties. In the hrst it bus ibo 

power of attracting iron, and in a IcHsor dc^gree other 

substances — more especially the two metuLs, nii’kc! nud 
cobalt — with a force which is greater beyoutl all laMupuri* 
son than the attraction of gravitation, whir.h is always rx* 
erted between two portions of iuntU‘n In the sroMiol plarr, 
when a portion of it is susjiciidcd, so that it vnti funi f r**tdy 
in any direction — for example, if it is hung up by a ihrnid 
passing through its centre of gravity~it atways 
a certain definite direction at a given jdmn' on tin* rarlh*^ 
surface. These properties may he conununi^nited tu piorog 
of iron or steel by simply rubbing them iti a eertain thiiiiii« 
manner with a piece of lodcHtone. In the rase td very mill 
iron, however, the properties so comm imirated are very mmu 
lost again. 

Any substance which has tbose properties m ciillticl t 
magnet, and the action of oommunioating ilm projiiiriy to 
iron is called magnetking it The lodestcme m a cbeiiiieiil 
compound of the metal iron with the gas oxygeiii on 
account of its possessing the two propertiei meiilk>rte«l il 
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is alHo known as magnetio iron ore, or inaguotic oxide 
of iron. 

limiiboltlt, in tlio “Oosmos,” tolls us that throe centuries 
before the Christian era the Chinese caravans w<'ro guided 
on their jouriH'js across the trackless wastes of Tartary by 
means of a little human figure revolving upon a pivot, and 
holding in its oufstr<^tched hand a fragment of lodcstono, 
so plac.ed that its arm always pointed to the south. 

Large magnets are not n<tw manufac.tured by rubbing 
iron with hxlestono, beoause, as explained in a later chap- 
ter, the ehu’trie current provides a means of magiu'tii'.ing 
iron and steel very much more powerfully than wtnild be 
poBsible im^rely by aid of the lodcstono, d’ho process of 
magnetising by rubbing is however still frctpiently ♦miployed 
as a eonvimicmt method of making small magnets, as a piece 
of steel or iron may bo mngnetixed by rubliiiig it with any 
other magiust, whether this bo a lodesUmo or an artitieial 




ft faw 8taal itwittg it in iiiinj make a mmm 

ax on print’ipnl pr<ij»rrtii*8 of luaoiniH. 

Tlioro nro Mavorul wajH in whit^h a niMHlla iiiiij bo rubhiKl 
with II iHiigiit'i in nr«lar to inftgnati7.a ih tba i4im|ila8t of tliima 
baiiig ill 8tr<ik« fcha inMKlla iilwiija in ilia miina iliraatioii friiiii 
anti t<i ami with, ihti miria ainl of a alaal iimgnat tiimla in ilia 
plsiijm tif II 8tri«glil nr htnti liar. If Imni iiaiicllan ara nifigitci- 
tti ilik wiij anil liititg ii|i by tlirainli, «> lliiii tliay 
liifiva fraalj, nr If lliiij iiw fljccicl in wiiiill «lijii4 of mrk, inwl 
iiliowad to lloiil nil ilia Wftlar, il will lia fmiinl llnil 

tlia iiarilli^M will inrin no llml Iwn ilaflniia c’liik ara Jiixta^ 
|Mi!iiHb fiflor irliiali tliay will iijijinmali aiiali oilmr ttiiiil lliiiy 
antiia info If IhiIIi llta iiptnllag lira raai^r^aiii » %lm% 

lliti fi|i|iiw4ila rink cif imali ftr« brtmglil ingailirri lliey will 
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esis to that of an establisTied fact. I must first premise that 
a substance which is capable of experiencing any force in. 
virtue of the magnetism of neighboring bodies is called a 
magnetic substance. Iron is beyond all comparison the 
most powerful magnetic substance. After iron, and a very 
long way after it, come the minerals nickel and cobalt; and 
the sensitive magnetic instruments which are now in the 
hands of investigators indicate that it is almost impossible 
to find any substance which is not more or less magnetic — 
that is to say, which is not more or less susceptible to 
magnetic action. 

Weber supposes that every one of the molecules of which 
a magnetic substance is built up is itself a magnet; but that 
the axes of these small magnets are turned in every possible 
direction. The magnetic actions of the molecules will then 
neutralize one another, so that the body will not act as a 
magnet; but if either pole of a magnet be brought near to' 
it, this pole will attract the unlike poles of the molecules, 
and will repel the like poles, so that the molecules will tend 
to arrange themselves with their north poles pointing one 
way and their south poles pointing the other way/*- The 
molecules will then act together, and will form a magnet 
with the portion nearest to the pole of the inducing magnet 
of unlike polarity to it. It will be of interest to consider 
one or two experiments which help to establish the truth 
of this theoryo 

Take an iron or steel bar — such, for example, as a poker 
— and hold it parallel to the direction assumed by a freely 
suspended magnetic needle; we should expect, if the poker 
were built up of magnetic molecules, that each molecule would 
try to set itself in a direction parallel to that of the sus- 
pended needle, for we should expect the earth to act upon 
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each. mol(‘.culo in exactly the Baxna way in which it. acts 
u|)on a BviBpended magnet. The direction assnmed by a 
freely suapcnded magnet in this part o.f the world is not 
vary far removiMl frotn the vertical, ho we Bhoiild expect 
to obtain a fairly good rcHiilt by simply liolding the poker 
in a vtn'ti(nil [Hwition, Now, if tlie p<>kt‘.r m rrunxdy Indd fur 
a ft»w momeniH, either parallel to the Huspemled magiietio 
needle, simply vertical, and then tcHted for inagni'tiHrn liy 
trying whotlier chtlun* end ol it has the power of reptdling 
either and of a iiUHpamltHl niagiu^t, it will lie f<,mud, {irovided 
the pokc*r wan iH»t magnetiKcnl jireivioun to the experiment, 
that it will not !iav<^ acHpiired any HiiiiHiblc miignetic prciper- 
ticH. Steel mi lings, however, which have remained for mini j 
years in ii vertical puHiti<m have frtM|nentIy been obsi.^rved to 
have aecpuretl magnetic properties, the lower end having he- 
e.ome a rmrth pide, m we Hlnnthl expei*t, if Weber*H t!iet.»ry in 
trnci, Now, it mtmt be rinnemi.iered that nil the ninlecmleiof 
the poker .lire tiloicly jmekiHi together, and it in ilieroft.ire 
c|iiite poHHihle that the earth may exert a form tending to 
set iiiem in a ileiiniic’ dirffi irnn hut. that lias fnree mav nut 
lie Ht.ruii!..t iaiun|;,di tu nvereumethe (ada’Hitni of iIh* lutihandcH* 
ddiis snggc‘StH that sbonld try by mmw meariH in fiiiiiifiiHli 
the eiilir’Hion of the tiio!tani|i\*4, and are if iiny better re.HiiltH 
are tiiiiiiiiieit. <Hie way of d<dng this woiibl lie to strike lliii 
jitiker -witli n hummer, and it ivill be found tliiit if tliii jinker 
m litdil verlieiil ami Hirnek wiilt ii luuiiiiier, it will bi*eiiiiiii 
a iiiiigfiel, the lower exlfcmiiy bitei.miiiig a p^le; liinl 

if flu pie^ifioii of the jioker IH revermnl, ami it isiigaiii strintk^ 
Its iiiagiitnooii will b«^ imineil lately revernetl. Afioitier ivay 
Ilf diliiitiediilig lie* eohei4iun ivoiihl be to liiiilo* llie jtiikcf 
ml liol; iiiid ii ivill be found that if the poker m litmb’4 
reiltiiWi mill llieii left in ii vertical |iiiailkiii iiiilil tl beeitiMri 
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cool, it will liave become a magnet, having its lower ex- 
tremity a north pole. 

It has been observed, moreover, that if a body is magne- 
tized it usually becomes either slightly longer and thinner, 
or broader and thicker; the nature of the change depending 
partly on the shape of the body and partly upon the state of 
strain in which it happens to be at the time of the experi- 
ment. Another fact strongly in support of Weber’s theory 
is that when a piece of iron is suddenly magnetized or de- 
magnetized by means of an electric current, a slight sound 
is heard, which, according to this theory, is due to the sud- 
den turning of the molecules. This j^roduction of sound 
during magnetization and demagnetization was utilized in 
the construction of one of the earlier forms of telephone 
receivers, which will be described in a later chapter. 
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CHAI^TKU HI 

MUTUAL AUTUma BLTWKKN MA(iNKTB AHU OONDUCTOKH 
THAVKUHKU HV KLICCrrUlU CUUliENTa 

A t TIIK baginniug of tha praHcnit aantiiry tha Swcnliah 
pluloHOjthar Oaratad obHorvtul tliat whau «. wircumrrj^ 
iiig an cdaatria tairrant waa hald ovar and {mralkil 
to a aotupiiaa tunullts ilia waa d«d!tM*tt'*d to tha right 

or ltdt, tli«^ diraatitui of dtdlaalitni <la|K‘n«iiHg tm that tha 
aumniU Wlion iha wira waa plaa-ail undartiaath tha ncMnlla, 
aiul I'lanillcd t<» it, whila tha diri*aUo?i of tha tnirrarit ratiiidnacl 
tlia «irria, t!ia diri'aiitui of daflaation wiw iiliio raveriad, 
Tha Btibjael wai *hortIy afterward takofi tip by tho great 
rnailiarniitiaian and {dtyHiaiHt, Airipi’^rr*, wlio foiuid tliat tho 
<!irt*t*tion of dafl«*rii«ai wh*^ Hindi that to u pf-nani lying ahiiig 
till* wira with ilia I'urraut going from hia fi^at to bin haiidi tliii 
tifirth pola of thi* iii*aillf» would nhvnya turn to Iuh laft liiiruh 
A iiiprTa iiIho diw*«iVfn*t*«I that two aoiiiliiaiorn aiirry itig tdaatrici 
aiirraiitrt iiltriiat or rapid mah other, mid othi'fwiBa 
jilit like iiiiigfiati^. itiHaovarii'it iin.^ of Ilia grt:^iiteiit iiri- 

|icirtiificii\ fw tli«\y giva tm ilia inaiitm of ilateatifig ilia 

Ilf <vir«r»triaiil atirraiilii, iiiid of itiaiwiiriiig llunr fitraiiglfi 
liy iiit^mmof iiiiigiialia iiiHtriifiiaiita. I will ttiartd<>ra aoiiiider 
tliam fiirlliar. 

Sttp|itifia thiii It wdra hiii^ baaii iwni iiilri ilia fciriil ©f a 
rirtniLtr ring, Ii^itvifig iia two imd^ fw* LtsI IImi Iwci «tid« 
ba tfcm liar ted wtilt llie |ioba of a biilterji ami III# ring aiii- 
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pended from a support in sucli a manner tliat the whole 
circle can turn freely in any direction. It will then he 
found tliat the circle will place itself with its plane per- 
pendicular to the direction of the magnetic dipping needle, 
as a freely suspended magnet is usually called. If the di- 
rection of the current through the circuit is reYersed, the 
circle will again take up a position with its plane perpen- 
dicular to the direction of the magnetic dipping needle, but 
its aspect will be reYersed— the face that before pointed to- 
ward the north now pointing toward the south. If the direc- 
tic 3 ii of the current round the circle in each case is noted, it 
will he foimil that, looking at the circle from the south side, 
tliC ciirrent will flow round it in the direction of the hands of 
& waicli ; or, as we say, the direction of flow round the circle 
is clockwise. The face of the circuit which points north- 
war-1 riuiv he called its north pole, and the face which points 
may he called its south pole. If two such sus- 
j * L h I efreuirs are brought close together, they will be 
fuun*! U'j attract when opposite poles are presented to each 
other, and to repel when similar poles are presented. Thus, 
wLt:n the two circles are parallel to each other they will at- 
tract, when the direction in which the current flows is the 
same in both, and they will repel, when the currents flow in 
c]c Orite directions round them. It is found generally that 
conduvtors carrying parallel currents in the same direction 
attract each other, and that conductors carrying currents 
ilowing in opposite directions repel each other. Instead of 
merely a single circle a coil of any form may be used. * A 
Coll of considerable length and of comparatively small sec- 
tion is a very suitable form. Such a coil is called a solenoid. 

A number of experiments of this nature suggested to 
Ampere that the properties of magnets might be accounted 
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for by assuming that every molecule of a magnetic substance 
had an electric current circulating round it. When a body 
was magnetized ho supposed that all those currents wore 
brought into parallelism. In this case the currents flowing 
in opposite directions rouiul the adjae.ent portions of two 
molecules would destroy each other, and a mngiudize<l rod 
miglit therefore be et»nsidered as equivalent to a series of 
(uxrronts flowing in the same direetion round its cinsum- 
fereneo; in other wortls, it would bo exactly like a solenoid. 
Ampere’s theory of magnetism is now generally acc.ei)k!il as 
being most probal)ly true. It is an explanation of magnetic 
in terms of eUu’triiud aidion, and though it only explains 
one unktjown thing in terms of another, it has the advantage 
of leaving us to deal with one unknown (juantity instead of 
with two. The principal difheulty in AmpiNre’s theory 
of magju'tisrn lies in the fact that every etmilueU»r sttch as 
we are actjuainted with is heated when traversed by an elec- 
tric current, whereaa Am|jdro's molecular euritsnts must flow 
round the molecules without causing any development of 
heat, otherwisii a magm*ti<’. Hubslance wotild afford a con- 
HiinotiH supply of limit, which of course woutii be in bital 
iipposition to exjiorienee. So little, however, is known aliout 
the manner in which thin heating efleet is priKluced, owing 
to our toud ignorance of tlie interna] slrueturo of molotmlwi, 
timt there is really no rewsoimble ground for assuming that 
tlie tiffects j>r«Hluood in the two east^ would l«» similar in 
their ehametor. 

Tlie discovery of the effect of an electric current upon a 
snspended magnetic niHslle gave a simple means of detecting 
electrio currents of mwlerato strength, and it was very aom 
found that by making a curront flow many times round the 
naodk, inalMtd dl simply passing over or uudinr it, tho ofllcot 
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could be greatly inoroaaocl. In tliiH way it lunuune 
to construct instruments capable of measuring extrenu-Iy 
feeble currents. Sucb an instrument is known as » gulvum >m- 
eter. If a steel bar is placed within a coil of wire traversed 
by an electric ouiTent — that is to say, a solenoid— the bar on 
being removed from the solenoid will bo found to Iks mug 
netized. If a current goes round the solenoid in the direo* 
tion of the hands of a watch with its face diroctod toward 
the end from which the current flows, the end of tho steel 
bar within tho end of tho solenoid at which tho enrn-nt 
leaves will be found to bo a north polo and tho other i-nd 
a south pole. This is easily explained on Weber'.-; thi .-iy, 
for if each molecule of which tho nmi'-iietie s-iii. (.m- • w 
huilt up is turned with its magnetic axis in the din eiimi 
indicated by Ampere’s rule, 2>reviouHly ijuulrd, it v. iU 
follow that when a current flows over, and at right uagles 
to, a bar of steel the bar will bo m.-ignetic.i-d in mo u 
manner that a person Ijing alon;' tho uin-, v. ith the -uri. at 
coming in at his heels and going out at hi.; h. ad, and h 
in'g toward the bar, will see tho north 2>olo on Ids l< ft l a d. 
The reader will easily seo that this agrei-.H with th;- r- nlt 
obtained with tho solenoiil. 


Not very many years after Amjiiire's dl.Hei.n l ir.-i ,.iu- . o; 
great physicist, Mieliaol Faraday, di.a-overe.i that in. a... a-. a y 
electric currents were jmnluced in a eondiiet..r v, I.i. h 
changing its position relatively to a maan. t, or t.. .. , 
duotor carrying an clecfrio eiurent. ht..;...- of hr, , g. 
ments we must consider in detail, n.s they l.ave jo, : » 
method of producing electric currents ulniofit lui-. ! 


strength very much more cheiij.ly tlnui would b,- - ... 
with any form of voltaic battery. Take sum.- t ..j.|.. r 
covered with gutta perclm or cotton, or otln-r imui! 


' ■ A I ■ ' f t 
mm 

.t'l.g 



MAGNETS AND CONDUCTORS 


81 


substance, wind it into a coil, and connect tbo ends with, 
the terminals of a galvanometer — that is to say, with the 
extremities of the wire which is wound round the suspended 
magnet. Now take a strong bar magnet and push it right 
through the coil. The galvanometer needle will thou sud- 
denly dtiflect, first in one direction and then in another, 
showing that during the passage of the first half of the mag- 
net through the coil a current is prjxluced in one direction, 
while the passage of the other half gives rise to a current in 
the opposite direction. I’his shows that the approach, say 
of the north pole of the magnet to one face of the coil, pro- 
duces a current in the same direction as its recession from 
the opposite face, and that the currents produtsod by tho 
approach or rtHscssion of tho north and soutli poles respec- 
tively are in ojiposito directions. Kxuctly similar efiocta are 
produced if a coil carrying an electric current is used in 
place of tho magnet; but this is not all. Faraday found 
that not only wore momentary ourrenta protluoed in a con- 
ductor by the approach or withdrawal of a eondimtor trav- 
ersctl by u current, but that wluuj the eiirn-nt arises or dies 
away in a ccndue.tor it produces a current of sliurt iluration 
in neighboring comluoUirs. If two wires are placed parallel 
to each other, and if the ends of one wire are joinoti so as to 
make a complete metallic circuit, while an electric euitent 
is suddenly starteil in the other, by connecting its ends with 


Oi 
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rent being excited or dying away within it, in iMltcd tiir 
primary circuit, while that in which tlio moiiu'utary cuiri itt 
iB produced is called the secondary oirotiit. 


CHAPTER IV 

FOKOK, WOHK, AND FOWKB 

I N order to understand the conditions which dctcriiune 
the relatiyo advantages of diiTcrcut mctliods of jtru- 
ducing and distrilmting the electric current, a eh ur i.h i 
of the physical quantities, Eore(^, Work, am! I’ow. i', e . i 
first he obtained. Newton doiines a force as what' \ cr cae < a 
change in the motion of a portion of matter. 'I’i.ii'i. v. i ■ .i 

train is at rest at a station, ti certain force ha - t" ! e a; ; ' r.l 

to set it in motion and to incrc.-isi' It., .spci d; f..r. i i o 
required to stop tlio train wlicn once it i; in neee 'i, , 
shown in a very foroihlo manner it it coim a iui" eii 

with a stationary or moving body, such us. for ex.i ■, , 

another train. When once the train lias got up it'> ic j . e I 
speed, it would continuo to move at that . ju-. l J i „ 

were no force tending to hring it to n ..!. nici !/.' u ’■ i ,f 

this were the case, a train running al'Uii' a h-M-l lo,. ■ , d 

only require an engine to start it, afn-r v. hi.-h it i . .i, 

tinue to move witliout further application of for.-., i. lu 
means were taken to hring it to rest. 

As everybody knows, however, no tram wd! ...i t i„ 

run on indefinitely without assistancii from tic- cm- ,..,i 

therefore there must l>e some one or more fon-.-iai' ; . ,u 
it in such a way as to retard its motion Th,- . / t' . 
is the friction between the moving purls It is ujif'u it; ly 
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impoBsible to obtain any body in nature whiob is not already 
acted upon by some force, so that when a certain force is 
applied to a body, it is impossible to determine its effect 
directly, because it is mixed up witli those of the forces 
already acting upon the body; and it is only by a careful 
study of the motion of bodies under various conditions that 
it becomes possible to distinguish the different forces acting 
xipon them, and to dotennine which of the effeots are iluo to 
each force. 

It was by continued observations of this kind that Sir 
Isaac Newton came to tho conclusion that if a body could 
bo found which was acted on by no foroo, it would oithor 
remain at rest or continue to move at a uniform rate in a 
straight lino. Newton also fount! that if a single force acted 
upon a body at rest, it would causo it to move with a eon- 
timiully imm'Hsing vidoeity in the direction of tho foroo. 
lie found tliat as long as the force remained tho Ranio tho 
Increase in the velocity of tho body during each second for 
whioh tho force was applied was tho same, and !io alsti ftmnd 
that the force retpiired to inercase the vtdeeity of a boily 
by a givmi amount in a given time was proportional t»> tho 
<pinntity of matUsr oontained in tho iKsly, or what is known 
as its mass. 

Tho general idea of foroo is a familiar oim, but theso 
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IS one pound, and suppose tbat tliis body can be removed 
from tbe action of all forces, sucb as tbe attraction of tbe 
eartli, tbe resistance of tbe air, and so on. Apply to tbis 
body during tbe interval of one second a force wbicb will 
make it move at a rate of one foot in a second. Then we 
are able to state from wbat bas gone before that to give tbe 
same velocity to a mass of two pounds we should bave to 
apply double tbe force for a second, or tbe same force for 
two seconds. 

In order to measure any quantity, it must be compared 
witb some other quantity of tbe same kind. For example, 
if we say that a certain distance is ten miles, wbat we mean 
is that tbe distance is ten times as great as some other dis- 
tance witb which we are acquainted and which we call a 
mile. Tbe mile is said to be tbe unit, in terms of which tbe 
distance is measured; and if tbe distance is to be measured 
in miles it will be completely determined by a mere number, 
sucb as ten or fifty- It is clear then that tbe expression of 
any physical quantity must contain a unit, consisting of a 
certain quantity of tbe same kind previously decided on, and 
a number expressing bow many times tbe unit is contained 
in tbe quantity. Now, apply this to tbe measurement of 
force. 

Tbe unit of force in use for ordinary engineering pur- 
poses is tbe weight of a pound — that is to say, tbe force with 
which tbe earth draws a mass of one pound. Tbe principal 
objection to tbis unit is that tbe pull exerted by tbe earth 
upon any mass varies slightly from place to place on tbo 
earth’s surface, being greatest at tbe North and South Poles, 
and least at tbe Equator; so that where great exactness is 
required, tbe place of observation must be stated. Tbis unit 
has therefore not been adopted for electrical measurements, 
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Bor has any other unit founded upon the English meaBiires 
of mass and length. For scientific purposes the B'rench 
metrical system is now uniTorsally adopted, and, the system 
of electrical ineaHiinnncnt lanng a comparatively recent de-^ 
veloptmnjt, the importance!! of huvitig our electrical rneasuro- 
rnenis givmi in terms of the same unit as employed in other 
connt.ric»H has dtHrulcal British electrical engineers to adopt 
units fuunchnl on the metrical system. 

Ae.eording to this system, thc^ unit of force, which is 
called th(^ dyne, is defined as the force whicdi, whan applied 
for cum scrc>ritl to a mass of one gramme, will give it a 
velocity of erne eentimeire per secemd. This is what is called 
tin iihscdute unit-'4hat is to say, it doc'*H not vary with the 
plui*e or time of ohservailon, Imt depiunls only on the three 
fmidiimtuttal unitH-'-nuim'ly, tln^ stmond, wlucdt is in use all 
over the wc^rld, and thc^ centimetre and gramme, whicdi are 
determined hy eompiirison with the standiird metro and the 
siiiidiird kilogriimme which are kept in Paris. 

Thi^ next is t<i obtain an exiic^t idea of what is meant 
bv a quantity «d work. If a body mov«*H umU'f tin* aolaiu 
of a work is said to lie dontt by the lioily, and the 

liiiiittini of work doin* is measured by tlie jirodmvtof iho forea 
into ilie distunee through wldeh the body moves in llw direc- 
tion of llie foretx If fi bmly IS moved ligiyiist nity force, work 
is siiitl to lilt done on the botly, and its iiinouiil ii iiM!iiiiiirt*il 
l»y llie jirodiici of llic foreci iiiio llie tiistiifiee inovetl in a 
dirts’iioii fippiwile lliiil of llic foree, For tirtliiiiiry eiigi* 
iierrine purposes, wlieiti the pound wudidil is taken fis ilic 
uitil of forerq the unit of %vt»rk is slefimn! m the aifititiitt cif 
work rei|iiirr’i| In lift n imiss of ii ptmml |o ii cif m fcml| 

I'Ocl ts culled II fnolqwiund. The foo|qs:iiiiiti being expreiicd 
m llie iirfiiliici of ii |*oiitid weight into m kiiftli of ii fool| 
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must, of course, like tlie pound weight, yary from place 
to place on the earth’s surface. The absolute unit of work 
employed for electrical measurement, and for all scientific 
purposes, is the work done by a force of one dyne acting 
in its own direction through a distance of one centimetre. 
This unit of work is called an Erg, 

When work is done upon a body it is found that the 
body is afterward capable of doing exactly the same amount 
of work that has been done upon it, and it is therefore said 
to have energy stored up in it, energy being defined as 
capacity for doing work. Thus, if a cannon-ball weighing 
a thousand pounds were lifted to the height of one hundred 
feet, a hundred thousand foot-pounds of work would have 
to be done upon it. If the body were then allowed to drive 
a machine during its fall, it would do exactly the same 
amount of work by the time it Lad returned to its origi- 
nal level. 

It used to be thought that in a process of this kind some 
oi the work was lost; in other words, that the ball in de- 
scending would not do as much work as was required to 
lift it, for it could not, by any arrangement, be made to lift 
another ball, of equal weight, to the same height. The 
reason of this is, that some of the work is always wasted 
in some such way as overcoming friction, or the resistance 
of the air. In either case a certain amount of heat is gen- 
erated, and it has been shown that to a certain quantity 
of heat, generated by means of friction or other mechanical 
means, there always corresponds a perfectly definite expendi- 
ture of work, so that heat is simply another form of energy. 
Just as mechanical work can be transformed into heat, so 
heat can be transformed into mechanical work, but there 
is this important difference between the two cases: there is 
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no practical difficult j in entirely traneforinitig a CH‘rtai!i 
amount of energy in the form of meclianical work into lieat^ 
but it 18 impoBBible, liy any meann at our diapoimlj to traiis- 
forni tlm wbole of a given cpiantity of beat back into 
mochanicuil cmirgy. 

T1h‘8o couBitleratiouH give U8 a glimpae of two principles 
of the gr(*aU‘Ht importance in tbe Htudy of natural |t!ie- 
noniemn The ilrBt of tbcHc in eidlod the **Con8orviilioii of 
Energy/’ and it asHcrtH that, m the result of fiir-nuieliitig 
ax{>cunence, it m found that whenevi^r energy disappyiirii in 
one hum it reappi^ars without loss in another. This iinpor* 
tant prineiphi was first staitnl in deliniti) terms by Professor 
von irelmholt/i seune fiu*ty }‘(\ars ag«>, and has been fully 
confirmed by all Huhseipient experitmee, so that it now rankH 
as <me cd tht.^ nu»st firmly establislnn! fae.is of nature. Idiis 
is not iht^ plaia*! for a detaiUnl tliseussioii <»f ilie eoiiSi?rvation 
of energy, but it will Im of interest to point out in passing 
that the prineljud source frcim whtoli tlie etitirgy necessary 
for the existence of fuir world is dt^riveil is tin* sun. The 
heat <d the sun’s rays r v;ip« *ratfs the wat.rr td tlie and 

the lut'isfun* thus carried up int4» t!it‘ atnn tsplirr«’ ht‘ri-»iiies 
eoinlciiHt'd ami falls again in the form of nun, and so feeds 
the riv«TH- whieh may he utili/.ed to drive iiimdiiiierv ly 
tneaim td wiitcr*whei.dH • ns they flow biiek to ilie mm* llw 
gitii's niys, figitin, luillil up the mineriil eoiisliliiefiis of ihii 
imrtl/w surface the various forms td niiitiials and ithuits, 
so that l-lie forestn itinl the eoiillitdijs lire simpl} gmii store- 
lioiisrM id tli*^ eiii^rgy given out by the sun in piwl iigeS| 
which energy is iitili/ju! when th«’ wmod or coal is luiriietl; 
for the j,ircH*f%ss <d eomInislii»ii simplv tuitisisis S!i m nut^lliW* 
BSlioii beiwreii the <*xygfm of tli«' iiiiiiospiiero lilttl ill© llllief 
tltiiMstitii cciiitiiiiteil in ilic wtaMl or coal, wlitci w©ro 



88 


ELECTBICJTY IN MODERN LIFE 


from the oxygen with which they were boforij coinltim-.i, 
and built up into the trees of tho forest, siinjdy by the 
energy of the sun’s rays. 

The other principle to which I referred is known ns tiio 
“Dissipation of Energy.” It is found that in every proi-r.^.M 
by which a transformation of energy can bo ofTeeted there 
exists a tendency toward an ultimate transformation into 
heat of low temperature, from which it is iinjxrssiblo, by any 
known process, to obtain other useful forms of oniTgy. 'I'liis 
principle certainly applies to our own e.vpcrimuut; but thi.s 
experience is very much more limited than that from whieh 
the law of conservation of energy is dedueed, and it may bi* 
that there are natural processes, at present unknown, whielt 
are capable of transforming this low temporaturo heat into 
some of the other known forms of energy. If tltis is not 
the case, and the dissipation of energy is really a univensa! 
law of the universe, tiien the time must come when il.e 
whole universe will be one vast inm-t muss of uniform t.-m- 
perature, and therefore without life or any form of motion. 

The term “Power” is used by engimsors to denote the 
rate at which work is done. The power of a steam engine 
is usually expressed in terms of tho horse-jiower as unit, an 
engine being said to hoof one horse-power when it iseapuldii 
of doing work at such a rate as to he able to lift Ha.tMat 
pounds one foot high in one minute. It may bo sw w. l! 
here to point out that this is what is called Imlieulttil Horse- 
power, and is usually denoted by tho letters I.H.P. It m 
determined by means of an instrument calUal a “Slemu 
Engine Indicator,” which draws a curve representing by its 
area the product of the length of stroke of the piston int.. 
the average pressure of the steam upon it—tlmt is to say, ih.i 
work done at each stroke of the engine— and tlierefon. gives 
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the rate of doing work when an engine is making a given 
nuinhar of revolntions per minute. 

When a steam engine has to drive a number of machines 
— iuoh, for axamjdc, as dynamos for producing the alectrio 
current, which arc not always all running at the miinc time— 
the rate of working of the engine is controlled by irniiins of a 
governor, which shuts off a portion of the stt^am when some 
<vf the nnuduiuis are stopped, or, as engineers say, when a 
portion of the loa<l of the engine is taken oil. In this way 
the engine is made to work exactly at the rate ra(|uircd iit 
any moment. Wlicn tlia curnmt from the dyniimoH is used 
directly for producing the light in the lamps, it is of very 
great importance to maintain the power of tlui angina coio 
HtMii within very narrow limits, as if tliis wt^re not done the 
speed of the dynamos would vary, and this would produce 
a corresponding variation in the strength of the light— llial 
ii to »iiy, it would give rise to fliekering. In order to oh- 
viata this, veiy* ioaiittv© govarnors ihoulcl Im tisecl, htii 
even with the most sensitive governors availal'de it would 
be impt^Hsiblc to ununtain tin* H|dit prrfrc’ily steudy uiih^ss 
the rt*ytdaii<>n o! tln^ engine were HUpplemimted !ty soimi 
electrical devici? .for directly regulating tbe mirreiit iieliitilly 
given out by thc^ dynamo. I shall }ii.i%u^ soiiiething fiirilier 
to sttj iilioiit these iitethods of eleetricnl regulation iti a 
ciliiiptfiri as llici sulijeci is mw of very greal iiiiporlfitiee, mul 
tlie grtmt itiijiroveiiient in the steiidiness of the lairipH iciw 
ill iimj over tliosii of ii few ym%m ago is to a large r.vieiii dim 
lo tlir^ iitltij.ti.iftri of improved riiathods of idertriAm! regttlaliiiii. 

The unit «tf pemuT tunployed for ehnUriral liiciwiireiintiitJ 
ti eiilbul the ‘Walt/* afkw the grtmi eiigiiteer of lliiil iiiium 
Its valite, IIS fleliiital electrically, will lie given ill • later 
efiiipteri mid it will lie aitllicient for the to atiito Itial 
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a Watt is tlie power developed wlieii. 44J fo()t-jH)vnitis of 
work are done in a minute, so that 74() Watts arc ecjuivaleut 
to a horse-power. This relation is not nhsolutidy fxnct, 
because the Watt is an absolute unit of power, wliilt' tho 
horse-power depends on the weight of tho pound, utnl therf- 
fore varies slightly from place to place on tho earth's sur- 
face; but it is sufficiently exact for all purposes for wldu-h 
power is expressed in terms of liorso-powiir. 

A term in frequent use in connection with oiigines, and 
which the reader may meet with in accounts of eloctrio in- 
stallations as descriptive of tho engine power ctuplovod, 
is Nominal Horse-power, usually denoted by tho loltors 
N.H.P. This is a very indclinitc term, ns it is a ([iiunlify 
depending on the length of tho stroke iuul the diiuensii>ns of 
the cylinder; and its relation to tho indicated horse-power 
which can be given out by tho engine varies V(<rv iiiueli 
with the type of engine. In tho castj of tlie engines ns< d 
for electric light purposes, lioweviT, the niaxinnnn l.li.l’. 
should be in general about three times the N', II.T., so llmi. 
an engine of 30 horse-power noiuinal sliould bt' capable, 
when working up to its full capacity, of giving out uboui 
90 horse-power. The reader should he i-areful to ilistin- 
guish between work and power, and remeiuber that power 
is the rate of doing work. Confusion between these teriiis is 
often made even by persons who ought to know belter, and 
it is clearly not an unimportant distinction; for to detini* tin’ 
capacity of an engine, what wo want to know is, how much 
work it can do in a given time. If it is merely atatocl that 
an engine can do so much work, without stating how long it 
takes to do it, we are given no information whatever m to 
the capacity of the engine, for an engine employed to drivu 
a small lathe which might be, say, of half horso-power, may, 
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if kept prettj constantly at work, do a larger amount of work 
in the course of twenty years than the engines of an Atlantic 
Jhner, of perhaps several thousand horse-power, would do in 
twen^ minutes 


OriAPTER V 

BOintOKH or KtiKOTJiroiTV 

A n electric current is a source of energy — that is to 
say, it is capable of doing work. Tliia is clear 
from its power of ovolvitig heat, which, us I have 
pointed out, is a form of energy; and later on it will be 
shown that electrical tmergy may be tnuisfonmel directly 
into mcohanical work. According, therefore, to the princi- 
ple of conservation of energy, we cannot expect to maintain 
an electric current without keeping up a cotwtant suj>ply 
of energy. The simplest way of considering the different 
souroes of electricity will bo to divide tbem first into two 
main divisions, according to the kind of energy wiiiidi ts em- 
ployed to nmintain IIh^ eiirrimt. 'I’liese two kind.s of em^rgy 
are— (1) Mtudianie.al Work ami (2) Knergy of Cliemieal Ac- 
tion. The principal kinds of apparatus in wliitdt the supply 
of energy is m the form of nieehniiical w’ork are'-(l) fric- 
tional niacbiiies, (2) infinenee machines, (8) magneto ma- 
ohtnes, (4) dynamos. The apparatus coming umler the 
Moond beading are the different fonns of galvanic or vol^ 
taic batteries, now inoni generally known as pritnaiy 
batteries. limit energy may also bo used to maintain an 
oleotrio current by means of an apparatus ealleil a llmnno- 
oleotrio battery This source of energy has as yet licea very 
Ultle 4 imploycd for geuuraiing oleolrlo oumnta lor praotioal 
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purposes, but it is not improbable timt, an our knowl.-.lj-e 
advances, more economical meaiiB of gciifi'jttiiig tlu-riiiH- 
electric currents, as they are cjiUihI, may Im (iisfovfr.*<i, 
and energy in tbe form of beat may thmi Iw mutdi m..rt> 
extensively employed for maintaining electric cmrrcnm fur 
commercial purposes. It must bo borne in mind that tie se 
distinctions between the forms in wbicli energy is sii|>|>!ied 
to different classes of apjiaratns is one merely iulnj.t.-il for 
convenience, and not one resting iijion any fumhuiuniiil 
principle. It applies, moreover, only t<’ the soiin'o from 
wbioh the energy is dcrivi'd immediately before mtpjdying 
it to the apparatus. For c.xumplc, frictional nml inflm nee 
machines are generally worked by hand. Ibae the ein rgy 
is in the form of mechanical work, hut this iius previoimly 
been stored up in the human body in the form of elimiiieiil 
energy, obtained from tho food assimilated by the body , ei.d 
this chemical energy was in its turn obtained, ns alremh . ^ 
plained, from tlio energy stored up in lie- smi. Ih'immi’S, 
again, are usually driven by steam-inaver, or onti'iiiiie«, 
when available, by water-power. In the fonner <'n>ni tbi» 
source of energy is chemical action — namely, tin' t .tiiil.iis- 
tion of the coal; in tho second, it is nteehanieal w.irk due 
to the water seeking its own level undtir the n.-tion of ilm 
force of gravity. In each oaso, as o.xjdnined in (!li»j>ter 
rV., the energy is nltimatoly derived from the sun. 

FHctionul Miu'h inai 

The frictional maohino has already Ihhju alltidr*! to Jn 
Chapter I. It nsed to bo employed to a oousiderubh* 
for producing the eleotrioity required to tiro charges t»f 
plosives— as, for example, in blasting operatiotw. At pr«»- 
ent it is being almost entirely displaced by the mfiucBe® 
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macliiiie, and I shall therefore not devote space to the de- 
scription of any of the forms of instruments employed for 
such practical purposes. The most convenient form of the 
machine for experimental purposes is what is called the 
plate electrical machine. It consists of a disk of plate glass 
mounted upon an axle, about which it can be made to rotate 
by means of a handle. Eubbers, usually formed of leather 
or silk, are attached to the framework on which the axle is 
supported in such a way that they press against opposite 
sides of the upper and lower edges of the plate respectively. 
At a distance of 90 degrees from each of these rubbers there 
is fixed a bent brass rod surrounding, but not touching, the 
edge of the plate, and furnished on the side presented to- 
ward the plate with small projecting spikes. These two 
bent rods are attached to the ends of a thick brass con- 
ductor, supported upon an insulating stand, usually made 
of glass. This is known as the prime conductor. It need 
not have any special form, except that every part of it must 
be rounded, with the exception of that presented toward the 
glass plate. The reason of this is that it is found experi- 
mentally that the electrification of a conductor always dis- 
tributes itself entirely upon the surface of the conductor, 
and in such a manner that the accumulation of electricity 
is always greatest at the most pointed portions, and least at 
the most rounded portions. Now I have pointed out that 
the electricity upon any conductor tends to drive away the 
electricity of another conductor in the neighborhood, and 
we should therefore naturally expect the electricity of a 
conductor to behave in exactly the same way toward other 
electricity in the same conductor This we find to be the 
case, so that at every point of a conductor there is a force 
acting upon the electricity of the conductor, and directed 
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oatward from it, wliicli tetulB to break down ihv iiiMihiium 
of the air or other dielectric surrounding tlio cuiidurtor, and 
to cause the escape of the charge. This huvt* in grratfst 
where the accumulation is greaUist — that is U* at tlni 
most pointed portions. It follows, therefore, ihnt ai! the 
portions of the conductor should bo rounded, exi f p! tho u 
facing the glass disk, for hero wo wisli to faeilitatr tlo* ihov 
of electricity botwoon tho conductor and the i-daN.a 

Before using the inacliino, a little ainalpam of ite r, ury 
and tin rubbed up with souio talh>w is smeared r ilio 
rubbers, as it is found that tins greatly favors tho pr. Mlur- 
tion of electricity. When the handle in itirneil, nm! !!.ii 
glass plate revolves, it boconies tdectrilhal poNi!i\rl\ by 
friction against the rubbers. Tho rubbers ut the ?ianie fium 
lose positive electricity, and to supply this^ mtuT p^ hive 
electricity flows up into the riihhers fnua the «;iiih with 
which they are in connection, or, us we iai|,,fht *'f i'miu .a 
say, the rubbers actpiire la^gntivt^ oleetrisdty, from liieisMU 
with the glass, and ilus hows away into the earili, lor, ha 
I have previously pointed out, all we kutiw in that ulait 
is called a flow of electricity is a flow of smaeihinK u ha hj 
in its motion, follows the laws of flow <d a li^iuid, bui w hirlt 
way it is flowing we do not know As the phito Huas 
round, the positive electricity is hrmighl op*poHiio n. ihu 
points, being kept from escaping back to ihc' rulibm.') by 
means of silk coverings, which extend from the riibbrni ki 
the points in the direction lu which the pliUii in taiiirib laiil 
surrounding its edge. Tim jjositive tdcetriciiy nii ihv pham, 
as the latter passes between the pointn, drivi*H ilnt |iofdlivti 
electricity of the prime conductor to tlm furtlirr jiorlioii, niid 
therefore leaves the points and the povimi of tho ooiiiliit^ii.ir 
in their neighborhood with a deflciency of |,i0*itivii tikmlrio.- 
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»ty. or, as we may say, eloctriflos them negatively. There 
will therefore be a force acting upon the electricity on the 
points, tending to drive the negative electrification outward 
from the points toward the glass, or, in other words, tending 
to draw positive electricity away from the ghiss pinto on to 
the points of the contluctor. The portion of tiie ghu« plate 
opposite the points thus kwos the greater portion of its 
charge. In passing through the second pair of rublajrs, it 
i^ain iMJComos charged as lM»foro, anti this clnirgo is dtdiv- 
©red up to the soeond set of jM>ints. This prctcess tamtinues 
until the potential of the conductor is so msarly equal to 
that of the platts tlyit the ft»rt»o hotween the two becomes 
too small to cause atiy further transfer tif electricity. If, 
however, some outlet is provided for the tdeclritdty whieh 
aooumulatos upoj» tl»o prime conductor, the aetiim may he 
continued indeflnitoly, a stream of elotstrieity iMsing kept 
flowing from the plate through the prime conductor l»ok 
to the rubber. If the prime ^nduetor is oonn^ted dt> 
reetly with the rubber by means of a wire or t>ther con- 
ductor, the arrangetnejit may h«< n-pn-Hcntt'd, uceuniing to 
the waU^r analogy which I have previotisiy used, by means 
of an emlhiSM tube, at one point of which a pump is plueiKl, 
maintaining a continnous cirouliition of water through the 
tube. If the prime c?omluet<»r nn«l the rubber are both 
connoetwl to the imrlh, the only tlifferenoe iit the analogy 
will be that we must cut the tulto at a t*ertaiit point, and 
connect its two ends with a reservoir of water, when it is 
clear that the qtjantity of water dmwn in at one owl of tho 
tube, in n given interval of tin>e, will be earn’lly equal 
to the quantity expelled at the other end. 
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Injiuance Machines 

The action of the influonco mtiohiiio may 1>0 moat ©miily 
understood by considering it in the following Himplillml 
form. Suppose we have two tin cans, which w« will mil 
A and B, supported upon insulating stanils, and let a small 
charge of positive electricity bo given to the can A. N<>w, 
suppose we have a brass ball, which I will call (5, iiisuhiii ii 
by being attached to a handle of glass or tslsmiUi. Isd thu 
ball 0 be held by this insulatirig handle close Uj the 
of A without touching it. While in this position Id iho 
ball 0 bo connected with tho earth by touchitig it momi'n- 
tarily with tho finger. Now remove the ball l*y its iiisuhii* 
ing handle, and bring it into contact with tlui iiisiUo of II, 
near the bottom. Tho ball C, being almost compleUdy snr* 
rounded by the can B, will give u{t its ckHnriflcation almost 
entirely to B, so that B will become negatively i*h'«iriii«'*|, 
while the hall will become neutral. Now, hold ihn hall (I 
outside and close to the vessel B, umi tomdi it fur a luoinciit 
as before. It will then become positively charged by i)»« 
negative charge on B. Touch tho insi»lo of A with it, m ar 
the bottom, and it will give up its charge almost tmtirely to 
A, thus increasing tho positive charge of A. This ineri-as«»4 
charge is then used in tho same manmtr as the origiim! one, 
to electrify 0 negatively, and the charge on A Unag in- 
creased, the negative cliai^go on C will la* gwator ilnin 
before. This is given up to B just m Isdorc, and tho 
increased negative charge of B is than usnl to thfvo!ti|i, 
by induction, an increased positive ohargo on 0, which m 
transferred again to A. Continuing this pns'oss, tjw tHf- 
ferenoe of potential between A and B may ho itn-rnuisod to 
such an extent that if they are brought triuso tog.-thrr a 
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upark will pass fmirt one to the oilier. Tlie imi* 

chine simply coiiiista of iin arrarigcriic^iit for carrying tmt a 
similar serioi of o|>eriitioim in rapid aiieccsaion, A revolv- 
ing eiirricr^ or mn4m of carriers, m imad, wtlli tin 

inductor, or scricH of inductors, hetween mdiicli and the i\*ir- 
ric»r a c‘l♦rtut^ Hmall dilTtu'cncc of potruiiiid must 
in ortlcr that the iiiiicliitui may sinrL The cnrri«*rs ns l!it*y 
|ms« fclic induotom arc <di*ctrilhnl l>y iiniitrtion, Jiinl 'wliwti 
luiBsiiig out of ilia sph«*ra of inftmnica of iiii|mn-«tr tln^f 
lira toiiclHul by ii spring aonncctafl with m cffillcaliif, wlncli 
in its furn nn afi inductor, and in this mniy ii vny siiuill 
initial diffarcm*a of potential turn lai nifUfllj iiiartuiaad t^i m 
considarahla ajctcnt With the ohlrr forms of iiifliiaiicii 
nmcliUH'S it was ncciwriry to hi-^idin ly ch'drifying oiio of 
tha indtictors. Inflnanca iiiii<diincs, liowcvtn*| nra iimf lum ill 
whicih lire able to exaita ihaiumdvcs wilhoitl ailoriial asifisl* 
anaa by mmm of l!i« itillnilasiiiml diffi^raiiati of 
wblali inmriably txlite li^tw^n Ilia iiiiltiatoiHi wliiati 
is Bufllcicnt to Viagin tlia sm'ics of opcritlh*ris. The r«’ridcr 
may be* nc^<|t!Hiiitrd with CdarLr’a whudi 

s, to uutwanl ap|M-araiiCf% cf « lint di«k siuine |wm nf 
three im-hes in diameter, friuit oppoidte sidr-s of l!i« edco 
of which projf*et, on ona side ii hfiiidbn iind ini i}i«^ oilier 
II litlic of any di*sircd length, aoniiiiiiiiig ii jiair of iiisiiliittMl 
winwi ibti inids of wdiit*b atniia cbwa l«»gctdicr williritit liiiiete* 
iiig, jtisl within tlio fiirlhcr and of llic iiilfc. Tt-i ili»i 
giis with tlin ttistriiimuil llio ftirllicr atid of ihe i#» luild 
ill the fas jtu, itm! it small putijratiitfi in tlie «tdgc tif ibii di#k 

is siiiiirtly down, iiptiii wlikdi i* liftirti I# 

be K|iiiiiiiiig rapidly iiisida the disk, atiii sparls mm mnm t«l 
piws !it*lifreii iliii imui wires jiisl within tli© ©iitl mi Ii# til». 

This in t siiiall Ittfltiapa# w^ahiii# iif lii# liwd if#* 
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scribed, the mechanical arrangement being such that on 
pressing the button on the edge of the disk the revolving 
portion is set in rapid motion. The Wimshumt nuudune, 
so called from the name of its inventor, is anothtT t'xani- 
ple of influence machines. It consists in its siinph-st form 
of a pair of glass disks, mounted upon a common axle, cIoho 
together, but •without touching each <>tlu*r, in suc!> a way 
that they can be made to revolve rapidly in opposiu^ <Jiri'c 
tions. Strips of tin-foil arc pasted radially on th<* outside 
surfaces of the glass, ami metallic, tsollccting hruslicH are 
made to press against the revolving pieces of liji-foif as they 
pass certain fixed positions. Largo machines of this kimi aro 
capable of imitating the effects of a thunder storm tipou » 
small scale, giving sparks several feet in length ami follow- 
mg in rapid succession. In a dark room liies«< scrirs of 
sparks exactly reproduce the apptiaraiico of forkeiMighUutig 
on a small scale. Small irifluonco muehiiies, .somewhat Mimi- 
lar to those used for gas-lighting, are employed ft»r igniting 
blasting charges in mitio-s. 

Magneto and Dynamo Machiuen 

These machines all depend upon tho prineiplo that ehus- 
•trio currents are induced in conductors which uro iiiovitjg 
in the neighborhood of magnets, or mi»ro gemTully, wliid, 
are moving in a field of magnetio force, which may he duo 
to the presence of either permanent or chn'tro-magm ts. 
Dynamos are now always employed when powerful cle.-tu,- 
currents are required for commercial purposes, suds jw for 
electric lighting or electro-plating. It is neeessnry, ih*'r(' 
fore, in order to understand many of the most important 
applications of electricity to commorcinl and tlonumtic jmr- 
poses, to obtain something more than a mere vagne, genumt 
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idea of tlie couBtruction and action of a dynamo; and as the 
snbject must he treated in some detail in order to make it 
intelligible, I sliall devote a separate chapter to it I there- 
fore pass on to the consideration of 

(htluainc or VolUtic Baikries 

Thesa are used for tlie purj)OHeB of telegraphy and te- 
lephony, and for many others in which only comparatively 
small currants of electricity are rcupiired. A galvanic or 
voltaic call consists essentially of two different metals im- 
rnerHcd in some substance, generally a lic|uid, composed of 
two or more idiemimd elements, one at least of which tends 
to combine with one or other of the two metals, or with one- 
more than with tlie otlu^r. When the twti metals are elec- 
trically ccuineeted outside the liquid, tlie cin^uit is said to be 
elosiiil; when they are imt so connected, the circuit is said 
to l:»e open. If the ooimecting wire ii cut, its ends are called 
eltolrodes, the free and of tlit wire aonnaated with the plate 
from wlvich the current is flowing through the connecting 
wire being <'alled thf* positive <*h‘<'t-rod<% and tlu^ free'. t*nd of 
the otht*r wire In'ing eallml ilu^ negative ele<*trode. A very 
simple furm <»f <‘ell consists of a plate of zinc and a jilate of 
co|i|ier partly immiTstsd in sulphuric aoid. It wilt generally 
be fotiiid, even if tliere is no eleetrica! contiiot botwitii Ih© 
Mfio iitid cojiper, except through the liquidi that llie liiio 
will cliwolvfi slowly in the acid, giving off bubbles of gas 
iitflifTcrtmt jwirts of its surface} but if llie ziiici and e4ip{it»r 
are eoiiiiectefl by ii wire, the aclhm will l«i found to tiicrcaiii 
eoiisitleriibly. The oxygim st^t fnm by the iIiHfOiii|a»sitic>ii of 
llte siilplitirie arid is given off at the ziita plain, wltilo Iht 
Itydrtigeii is friveii off iit the copper plale. Thii prcaiusn is 
©ffec^al in the following maniien Sitl|iliiiri0 acid ^iwiils 
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of two atoms of hydrogen in conihinafion with ;in atom of 
sulphur and four atoms of oxygen, nnd is tli.Tojoiv iv|, re- 
sented by the formula 11, SO,. Tlio moleenle.s of uei.l are 
continually licing broken up, chieliy, there is reasoii to 
believe, into the groups IT,, and SO,. Wlien th.- el. eirieal 
potential of the litiuid is the same tliroiigliout. th. -e er..n|,H 
recombine, as fast as tlioy aro broken up, t<i form fr.- !, 
molecules of II, SO,; but when a difTerenee of p..teiiii:il 
is maintained between diderent portions of tin* liijnid, the 
molecules of hydrogen move from places of higher to phiees 
of lower potential, just as if they carried a positive el.aree 
of electricity; while the grmijis of SO, travid in the oppo. 
site direction, as though their eleetrilieHtion were le iruive. 
Thus, though the two constituents <'oniinual!y form fre di 
molecules during the journey, only to be ngain broL.'ii up, 
there is, on the whole, a continual Ilow of hydros'en in oim 
direction, and of SO, in the other. d’h» liydroj'en i.i pivam 
off at the copper jilate; while the SO,, on urnviiet at tlio 
zinc plate, whore there is no free hydrop;en to eombine with 
it, takes the hydrogen from a moleeulo of water 1 11, 0), mid 
leaves the oxygen free. The ehemieal netion whieh gi" t ,,i, 
before the circuit is closed eontrilmtes uotliing tow.ii-.! the 
current of electricity, and is kimwtt us loeal netion. It is 
caused chiefly hy impuritios in the zinc., and may b.- nimo .t 
entirely obviated by amalgamating the ziim with mereiu v. 

The manner in whieh the I'l.M. K. i.s prodneed in a 
galvanic cell is still an open (|uestion among id**etru'mus, 
but the considoriition of tlio fidlowing experimental fuei.s 
will help the reader to attain a gitnenil undt-rslaiHling of 
the action of a coll: 

• (1) If a piece of cojiper is placed in eontaet witli a pieeo 
of zinc a difference of potential will be produeetl at the 
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point of contact, the zinc becoming poBitively electrified 
and the copper negatively, so that the potential of the zinc 
is higher than that of the copper. The charges so produced 
are always very small. 

(2) It either the copper or zinc is immerHod alone in the 
dilutee Hulplmric acid a dilTcrenee of potential will be producaid 
betw<‘tm the metal and the licpiid; btijt if the two metals ar© 
immersed side liy side into the liiiuid then no electrifica- 
tion can be dtiteeted, so that all three must bo at the sam© 
potential. 

(H) If a pita'c of copper is now joined to the zinc, the 
copper, being in camtaet with the zinc, will become nega- 
tive, and the ziim positive, while the rnpiid and the copper 
immersed in it will still have the same potmitiul as the. zinc 
•—that is, tlu^y will be positive. Now, suppose tlu^ l^h*ee of 
copper attached to the zinc to be bent round and connected 
with the copper plate of the coll, tlion the action of the liquid 
ii oontimially to do away with the differanc© of potential 
caused by the contact of cop|>er and zinc, and this requires 
a flow of eh'c.trie.ity fi-fun ziiu'. to (U)ppt‘r within tie* Uqifn!, 
and thorefori^ rn»m c,opper ti> zine. in the comu*e44ng wire. 

Wlmn a sc^riim of galvanic ct^lls is so urrangtnl that the 
zinc. <d each etdl is connei^.ted with the copper i>f tlje next 
cfdl, the iirrangemmit is culled n galvanic battery, m voltido 
baiticry. If eaeli <'4dl is nmtle of similar miiieriuls, the differ- 
encii of pcitimtial, or cltictro-motive force, of tlm l»atlerj will 
be cipifil to the jiroduct of tlie eIe<U.ro»motive forcat of on© 
cell by the number of ©ells. 

If a cadi of the simple kind iilreatly dt^seribcfl is em- 
ployed, or a liattery of sueh cells, for producing an idtictri© 
ciiirreiili iifier a short time a immlier of siniill littliblcii of gas 
will Im obwurvml to lie ftilhering to llic copptr pkl©« williift 



62 


ELECTBI0IT7 IN MODERN LIFE 


the liquid, and at the same time it will lu^ found thnt the 
E.M.F. of the battery has hceomo very much less than it 
was at first. It can he .shown that this is due to lui K. M. 1*. 
opposite in direction to that of the battery hein;.' si-t, up 
between the bubbles and the copper. 

This phenomenon is known by the name of p<d:iri;'af;on, 
andtheE.M.F. duo to it is called the K.M.l*'. of polarisa- 
tion. The polarization of a coll may bo diminished by any 
means which will cause the bubbles to rise to the surfue,, 
instead of remaining adhering to the eoi>piT as, f..r exam- 
ple, by stirring the liquid, or by blowing air through it. If 
the surface of the copper is roughened the g.-is will «'oIleet 
chiefly at the projecting portions, and therefore the bulddes 
will attain a size sufficient to rise to the surface lam'h m inner 
than if the surface wore smooth. With the object of obiain- 
ing a rough surface of this kind, Smee devised a cell « hieh 
differed from the typical form d(!.sorilH:d only in tin- f u-t 
that the plates of copper were rephuu'd by plates of silver 
covered with a coat of platinum in a very line state of dlv i- 
sion. These plates give off the bubbles very fn-ely, but 
still the remedy is only a partial one, and the K. M. !•'. of the 
battery is found to fall oonsidorahly afUsr it has been in 
action for a few minutes. 

A much more efficient moauH of overcoming pvdurii'.atiou 
is to employ, as the liquid Hurrouuding the plate at wluidi 
hydrogen is sot free, a solution containing soi highly 
oxidizing substanoo. The hydrogen as it is s«'l five wUl 
then, instead of forming into buhhlos, uniUs with the ox v gen 
of this substance to form water. These Huhstoimes, however, 
cannot be employed in a zinc copper cell, a.s the copper 
would he dissolved in them, and some of them would also 
attack the zinc as soon as the circuit was broken. Thi* 
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(liiTiculty was overcome hy Poggendorff^ who devised the 
‘‘Bichromate’’ cell, consisting o£ plates of carbon and 2 :ino 
immersed in a solution of bichromate of potash, to which 
a small (juantity of sulphuric acid has been added. This 
solution begins to dissolve the ^'vinc as soon as tlio circuit is 
brokem, and iherefure arrangements have to be made for 
lifting the yJnc out of the solution. Nitric acid is a highly 
oxidizing Buhstanee, and very suitable as a licpiid in which 
to immerse the positive plate; but it will not do to have tlie 
zinc immersed in nitric acid, as the action of the acid on 
the zinc, as soon as the circuit is broken would be exceed- 
ingly rapid, Bunsen tlierefore devised a cell, in which th© 
positive plate is formed of carbon immersed in strong nitric 
acid, ^riie acjid is jdaced in a porous p(»t, and this j)c>roUH 
pot is itself phumtl in a vt^sstd containing a ziiic plate and 
dilute stilphuric aeitb The porous p«>i allows the li<juid to 
pass into its pores, so tliat the products of the chemical 
decomposition going on in the call can |>ass through it under 
the innuenceof K.M. F. ; Initif the liijuids inside and outside 
the porotiH et‘ll n‘Sp«‘e,ti\U‘ly are at the saint* lt‘vcl, (^nlinary 
mixtun* t»f the lit{uitlH will <»nly take. plae.e i^xtaniduigly 
shnvly. ’Plie Bunstm cell is a v<*ry gootl (me where a strong 
cnirreni is r<*<|uir(al, but it is mmessary nfie,r using it. to Koiik 
the ciirboiis Utr some lumrs in water to get rid of tlie nitric 
acid wliiidi they have absorbeib In n cell doviaed lij Mr. 
Jiisliaa (Jrove, and therefore kmnvn m the (Irove eellj the 
etirlHin is re|’dfie4,id by a sheet of plaiinniii, which ciiii 
wiisIkhI liiueh more easily. Afk^r using eitliiir of lliests cells 
the solutions must be poured out, as otherwise griiduiil mix- 
ture of the two will take plaee. Neither of tlieiii i« pkMant 
In use in ii room, ns they give off an cxccediagly pungtat 
gM known m iiilroua oxida 
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The polarization difficulty has hcon ovcR'<.nu! in jiuofhor 
way in the Daniell cell, which conaiets of u zinu nnl or plutt! 
immersed in sulphuric acid, and a copper plate iiuinor.Hed m 
a saturated solution of sulphate of eoi>per Tin* M-lutiouH 
are separated by a porous division, (>iie of tlnm l-emg 
usually contained in a porous pot inunerse<l in t!.e other. 
In this cell the hydrogen, set free as the zim- dl.-eiolve?- in 
the acid, passes through the porous division into the solu- 
tion of sulphate of cojiper, whicli it decomposes, fonning 
sulphuric acid, and depositing a hiyer of copper upon thn 
copper plate. The strength of the solution is kept np hy 
placing some crystals of the salt in it, whieh <li;-Holvi) as ta.^t 
as the copper is deposited, so that the solution of sulphate of 
copper is maintained at the point of stilurution. 

Another battery which must ho mentioned, a.i it i-. e\ten. 
sivelyused for telegraphic and tolcphouiti purpo.si-s, and also 
for ringing electric bells, is tlio Leelanelu) cell. 'I’hi.H cdl 
consists of a vessel containing a solution of snlummoiuae, 
in which arc immersed a zinc rod or plate, and a ponuis p 
packed with lumps of carbon and povvdi'n:.! him, \ id. of 
manganese. The zinc dissolves in tho salnmnionuie, and 
bubbles of hydrogen are formed on the ourhiui plate; ji.. that 
if the circuit is kept closed for any lunglh of tinm, the 
E.M.F. will be found to fall considerably. This utTm.lM 
an explanation of a fact whieh may probably have hern 
noticed by many of my readers, thatan uleetrie bell, wiirkd, 
as is usually the case, by means of one or morn of tbum 
cells, will soon cease ringing if the button is kept preMsml 
down, and will sometimes fail to act if it has iwmi rung a 
good many times in rapid suoooBsion. When the buiiery 
is left to itself for a short time the oxygen from the oxide of 
manganese gradually combines with tho hydrogen bubblca 
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to form water, and in this way the B.M.F. of the battery u 
restored to its original value. 

Batteries like the Grove or the Bunsen are very suitable 
for maintaining an eloctrio light for an hour or two foi 
experimental purposes, and a bichromate battery will dc 
very well for the same purpose if tlio light is only reciuiretl 
for a still shorttir iiitic— as, for example, to supply curreni 
for a lamp to stand at the bedside to observe the time l)j/ 
the clock during the night— the battery being l)rought intc 
action when required l>y pressitig down a rod which im- 
merses the zinc in tlie solution, a spring lifting it again ai 
soon as tlu^ pn^Hsurc^ is removed. Small inoandeaoont Ismpi 
supplied with current from a bichromate cell are often sold 
as rea<rnig lamps, Imt after burning friuu half an hour to twe 
or three hours, according to the size of the cell, they will 
gradually become dim and ultimately cease to glow alto* 
gother, when the battery must be refilled with fresh solution, 
It is impoisibl© commeroklly to supply the akotrio light hy 
means of any form of galvanic battery, or primary battery, 
at present kmnvm to rm, for the simple, reus^m that in them 
batUnues the (uiergy is obtaiiunl from the coimumption o: 
zinc or other material, whiedi costs many timt*H more that 
0O11L Tlie objiHst in using a dynamo instead of a Inilterj U 
su|iply tlie current is, that instimd of having to burn iii 
expotiiive fuel, sutdi as zinc, to olitiiin tiiiergyi it eiin In 
obtiiiiiitl by Iniriiing tlie ch«mj>er fuel, coal; find thoiigl 
a eonsidarabl# aiiioutil of the energy obtaiiiiHl from the cum 
is h»i 4 , first in tlie process of triinsforiiiiiig lieui into ttiecliaiii 
Old wc»rk in tln^ stt*iiin engine, itnd sceiunlij in the triiiisfor 
imition of lueelmiilcal into tdccirieal energy til liie djliaimo 
iiill the dilTereiiee between the cost cif coiil tliftt of flm 
is so gri*iit lliiil till! cost of proiiueiiig elctatrioity oti a liirgi 
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scale by means of a flynamo is many tiiiu's less than it would 
be if any form of primary battery were UHCtl. 


OIIA?TKIl VI 

MAONKTIO KIKUDS 

A S there will be frequent oeeasion in this ami the fob 
lowing chapters to make use of the t<‘rm *' Mai'ix-tie. 
Field,” it will bo iiuportaut for the reader to ol.tuiu 
an exact conception of its meaning. 

A Magnetic Field may bo dclined ns a repion witliin 
which magnetic force acts— that is to say, it is a reeiiui 
of such a kind that if a magnet is intro<iue<'ti into it, it will 
be subject to the action of certain forces in virtue of its mag- 
netism; and if a magnetic snbstiince is inlMiluecd into sueh 
a region it will becoruo miignetized—that is to say, it will 
acquire magnetic properties. A clearer idea of what is 
meant by a magnetic field, or a field of magnetic force, will 
perhaps be obtained by supplomenting this deliniiiou by tlm 
consideration of some field of force u[ a more familiar 
acter than magnetic force. Consider, for exaiitjdc, whai 
happens when a cornet is moving throngli sjuuh- in the 
neighborhood of the solar system. 

The comet would lie attraoUsd by the sun, atul tf it wnr«> 
originally at rest, and the sun were the only oilier Ixidy m 
the universe, the comet would lie drawn directly toward it, 
and the force tending to draw the two liodios together would 
increase, as they approached each other, at such a rate that 
when the distance between the sun and the oomist was 
halved the force would amount to four times it* original 
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value; wlien the distance was diminished to one- third of its 
original amount, the force of attraction would be nine times 
as great m at first; whan the distance was diminished to 
one-fourth, the attraction would bo sixteen times as great, 
and BO on. In other words, the attraction between the two 
bodies would inversely proportional to the square of 
the distance between them. Considering then merely the 
motion of the comet in obedience to tbe force acting upon 
it, it may be regarded as moving in a field of force of such 
a ohariutter that the intensity of the force is the same at all 
points of any spherical surface described with the centre 
of the sun ns its centres, while the direction of the force is 
always along theraflius. This field of force maybe mapped 
out in such a way as to exhihit at a glance the nuignitude 
ami direction of tlie force exerted upon the comet at any 
point. 

Deicriba a numlier of spherical surfaces, each having the 
will m centre, and therafore lying one within the other, and 
let the distance between any sphere and the one immcul lately 
outsidi^ it he eal<*u lati‘<l from tlu^ law td attraction in sucli 
a way that the forei* always iliminisheH hy the same amount 
in passing fnnn any cme splu'rt^ to the iu^\t tmisidc it. 

If iliese HphmvH are drawn eltise eimugh, the whole region 
will tlien be mapjied out in sueh a way that th.e ratio of the 
rate of change of the ftjrcHi lading on the eoiiiet lit iiiij point 
of its piitli, to that at any other point, will be the. same iia 
ihi^ ratio of the distanee between the two atljiicamt spheres 
iiH^losiiig the first point, to the distonee btdweeii the two 
ailjjietmi splieres whieh inclose the seetmd point 

The flireeiioii of tlie fi»ree at any point will be iilong |ht 
line Joitiiiig tliiil pidtil U* the eomnioii eeiitrn of llio ppficires, 
tlitii m to the eeiiire of the sun, and it will llieimfore alwiiji 
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be perpendicular to tlie surface of the splioro passing tlirouKh 
the point. Such a line, which reproscnts t!i<i ilinaaiuu (.f 
the force acting on the comet at any point, is cnUcti a lino 
of force; and each sphere, being a surfacu every wh . to 
perpendicular to the direction of tho^ force, is culled a level 
surface. 

It IS clear that in the present case the distunee between 
two adjacent spherical surfaces, at such a small distunee 
apart relatively to their distanco from the. comnnm cenlio 
that the difference between these distances mav he m‘g!i-eted, 
will be inversely proportional to their counnoii di-stunec tium 
the centre of the field of force. The lichl will therefore bo 
completely defined by the stutemouts — 

(1) That the level surfaces are spheres witli the centre of 
the sun as their common centre. 

(2) That the distunee between any two adjacent spheres 
IS inversely proportional to the distance of their surfaces 
from the centre. 

It will be convenient, for the purpose of apph ing tlu se 
considerations to magnetic fields, to delino llw fields l'_\ 
means of what are called unit tubes of force instead of 
by the level surfaces. 

Imagine a small closed curve to bo drawn on one (»f the 
spheres, and let the force across tho small area inoloseil by 
the curve be taken as tho unit of force, then all tho hues 
of force passing through the boundary of this small area will 
form a tube, which is called a unit tul>o of foroe. In tb« 
case of the field of gravitation force duo to tho sun, thow 
tubes will clearly be cones having their vortioos at tho oentm 
of the sun, and it could easily be shown mathomaticully 
that the force of attraction on a unit mass placed anywhere 
in the field of force would be inversely proportional to the 
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area of the section of the tube made by the level sxirface 
through the point. 

Any portion of the field of force will tlnis be fully defined 
by the unit tulx^H of force drawn in this manner, for the 
direction of tlu^ lino of force at any j[K)int gives the directtion 
of the forcc’j while tiu number of unit tubes paBsing through 
unit area on the hwel surfaco through the point may be 
taken as a measuro of the intensity of the force. So far the 
comet has been BU|)posed to bo acted on only by the force 
of attraction of the sun. This, however, is not riailly the 
ease, for t'.very planet and satallita of the solar system is at 
the samt^ time attracting the comet toward itself with a force 
prtipoiihmal to its mass, and inversely proportional to the 
H«ptare of its distance from tln^ comet 

Now, uccuunling to tlio experimentally olmervcHl laws of 
m«itii)n discovered and enunciated by Sir Isaac Newtm, tlm 
force exerted ly each body is iiHlcpendent of the forces 
mxcvrtcd by tlio othora, and therefore it becomes a mere 
«|Uc‘sii<»n of matliematimU calculation to map out tlu^ field 
of ftin-f in wlueh the CfUniU is aetuullv nn>viug. 

Sueh a field may, as beb>re, l>e, defiiuHl by means of its 
levid surfaces, or Vy means of its unit tuln^H of fonas; but 
the I«n-el surfuees will hmger be spheri’H, and tlie lines of 
forcti will no hmger be Hindigltt Now, just ns the field 

of fiirciii ill wliicli tliii comet is movitig ln*j been mapped 
so W'i:i iiiay tiiiipiiutii field of iimgneiio force; and it was iiril 
in roiiiieclitiii with llm iiiapping out of iiuigiietic fields that 
Fiiriidity introduced the idtia of lines td force, and tko 
ititUliotl of iiyiji|iiiig out a field of furee liy ilictr iiieaiW- II 
««iiitidi liowtnmr, to me that it would be eiisier to iipproaoh 
lliii iiibjiict lliroiigli tho boiler known of gravilalioa 
force. 
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A very simple means of studying inagrmtii*, lleldH expiTi*- 
mentally is to place a sheet of still l)a|Hn’ or curtiliojinl in the, 
portion of the field in wliich wo wish to know tin? ilislrihu. 
tion of magnetic force, and to dust it over with irmi liliiigs, 
when the filings will arrange themstdvn^s aloni^ iho linr^ 
force. It will bo of interest to illustraiii this by tamsidrrinir 
a few simple cases. 

let the magnetic field bo tliat duo to a siiiglo miigiiiiio 



Fm. t 

pole. This may be practically obtainml l.y boMitiK a h>iig 
narrow bar magnet vertically under the eanlhiuirtl, with who 
end in contact with its under surfmui, ami then .Itmtiug the 
mgs upon the upper surface, tapping the card slightly 
during the process. The further polo of tho magnet will Im 
80 far from the card that it will not produce any aeimild® 
effect, so that the field will be practically that due to the 
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The filings will then arrange themselves in a series of 
lines radiating from a common centre immediately over 
the pole of the magnet in contact with the cardboard, as 
shown in Fig. 1. In this way, of course, wo only obtain a 
representation of a section of the field of force. If we could 
obtain a single separate magnetic polo — which, as a matter 
of fact, is iinpossiblo — the magnetic field surrounding it 



surrounillng ii sphere of gravitating mattisr, as m the case 
of till’ sun previously eonsidertul. 

[f tlui bur magnet is held horiy4>ntJiny under tlm «-:ird- 
Ismrtl so as to touch along its whole lengtii, tiie filings will 
arrange thetnselvcs as slmwn in Fig 2, which there repre* 
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The actual form of the lines of force in the space sur- 
rounding the poles of a magnetized har is shown m 1' ig. S. 

T!u! iiehl of forei' sur- 
rounding an electric current 
may ht* exliilnled in a siini- 
hir manner. 'I’lnis hore a 
hole through a pieei* itf 
cardboard ami pass a wire 
which carries a current up through the hole, allowing, it 
to stand at right angles to the card. The iron iilings will 
then arrange thonisolves in a series of circles, liaviiig tlu.s 
hole as their common centre, as shown in h'ig. 4 The lev<d 
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surfaces, being perpendicular to the iinea of force, evi- 
dently consist, in this case, of a series of planes pas.sing 
through the straight wire. 

In the case of the field of gravitation force in which 




MAGNETKf FIELDS 


68 


a comot was moying, considered at the beginning of the 
cha|)ter, the direction of the force at any point wonld be 
that in which the comet would move if it were placed at that 
point witliout any motion being given to it other than 
that due to the gravitation forces. 

Iti tlu^ caBcs of a magnetic field, a north pole and a south 
polt) tend move, in opposite diree4h)nB along a line of force, 
attd w(^ Bclecdi a,H the poHitivo dirc^ction of a line of force, or 
the dircHd.io!i of tlie magnetic forces at a point, that direction 
in wltich a north pole would move if unconstrained. The 
rc 4 iBo?i that the iron filings arrange thamBclves along the 
lines of force is that tlu^y iH^come magnetized with their axes 
in the diroctioti of tluur greah^st Icmgth, and eqxml and 
opprwitc fonicB acting upon tlu^ir opposite poles set them 
along the lint^s of fonm; Jtist ns when two Btrings are tied 
to the end of a stick and pulled in opposite directions the 
stick will set itself in a straight line with the pair of strings. 

It is evident, from inipaolion of Fig, 4, that if one of 
the jHdcH of tlie magnet could Ui Bf‘parfited from the otlu'r, 
it might be made* to rotate (*.ontinucuisly round a wir * earry- 
i\\l\ ail elrt'lrie c-urrmit; and thougli it is imposHilde to do 
this, the truth of tlu^ statmuent can, notwithsiaiuling, lie 
dmiionstruted in several ways. 

Perhiips the simph^st of tliese is to plaeti a miignol, 
fortnec! ciiit of a l<mg, thin, flexibla steel wire, |mrallal 
And close to ii wini currying a ourrent, when it mull be found 
tiini the two |io1cis will rotiito round tlm m^tro in opposito 
dirt‘riiotis, twisting the magnet round the wire. 

It is clriif, then, tliiit an eicclric eurreitt is siirrmindcd by 
A series of wliiit may be ciillecl ** magnetic whirls/^ and thcrc- 
foro it easier to see ilia poiiiibility of am altctrio 

ciiirraiil liciiig m^i up in a wir© iiiovti mmm tli« lines of 
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force of a magnetic field, as Faraday found to l.c ili.' .'as.*. 
For botli magnets and conductors carrying currents civ.- ris.i 
to actions going on intlio medium surroumling tli.-m nf su.-h 
a land as might bo imagined to aris.. from a r.i(ati.*n of jn.r- 
tions of the medium; and therefore when a win* i.s nii.v.-.l 
across the lines of forco magnetic whirls arc .h.-i nj» r-.uu.i 
the wire, involving the existence of wliat is call.-.l a . iirr.-nt 
of electricity. 

Faraday found that the E.M. R excited in a conilu. I'.r 
by moving it across the lines of f.u’c! was in the dii.-cliini at 
right angles to that of the motion and to tlm .Iln-.-tion >.f the 
lines of force, and the direction of its action was gin u 
hy the rule that if wo suppose a man swiniiniii;,' in fh.- .-•'in 
ductor to turn so as to look along the lim- of f.in-.- in the 
positive direction, while the comluetur moves toward his 
right hand, he will bo swimming with tins curr.-nt in-lu.-.-.! 
hy the motion. The arnonnt of tlie K. M.J'\ l-'araday 
found to ho proportional to the numher of unit tnl‘>-s 
of force cut per second, and tlieroforo proportional to 
the intensity of the field and to the lungtli uml v.-Io.-ity 
of the conductor. 

From what has just boon stated as t.» the ilire.-tiou of 
the E.M.F. excited in a conductor wlieii it tnov.-s ucrofis iln. 
lines of force, it follows that if a closed eire.uil, su. h as a 
circle of wire, ho moved across them, the passage <«( a .iiut 
tube of force from the inside to tlio outsi.le of llie urea in- 
closed by the circuit will produce an K M R .-.ptal and 
opposite to that duo to the iiassage of a unit tulto from the 
outside to the inside. The current round the circle will 
therefore be proportional to the rate of iimreaso or tleortsaw} 
in the number of unit tubes onvolopod by the circuit. 

Instead of moving a conducting circuit in a magnetic field 
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in such n manner as to vary the number of tubes of force 
enveloped by it, tliis variation may be oUected by varying 
tlio magnetio field whilo tbo oonduotor remains stationary. 
Thus if a magnetio field is made to grow around a straight 
wire forming a portion of a conducting circuit, by starting 
a (mrnmt in a second circuit, part of which is parallel and 
close to the straight wire, it will give rise to an ituTuced 
current in the latter in the opposite direction to that of the 
inducing current, and continuing as long as tho inducing 
current continues to inoreaso — that is to say, as long as tho 
magiietie field continues to grow. When tho inducing cur- 
rent assumes a steady value tho variation in tho magnetio 
field, and therefore also tho indmuul current, will cease. 
If the ijidncing current is now allowed to die away tho 
inagnetie field will also begin to die away, giving rise to an 
induced current in tho straight wire in an opposite dirootioa 
to that of tho foruHir one, and lasting until tho inducing 
current has completely ceased. 

If a current is suddenly started in a straight wire a mag- 
ju'tie fiehl will lie niade to [•;niw round it, and will give rise 
loan M.M K. oppoMcd to that <*f the indiu'ing current, tho 
ctl'eet of which is to retard the iiiereuse of the primary cur- 
rent. Jf the primary cnnvnt is allowed t«» die away, the 
resulting variaU<»n in tlm miignetie field will give rise to an 
K M.F in the direction of the primary current, the ofTect 
of whicdi will Ih> U» m.gco the current die away more slowly 
than it otltorwise would. Tiiis plitmotnenou is known as 
Bclf-nulnctiun. It is easy to see that the self (luluctiou 
of a Htruight wire given dinumsioiis wtuild be greatly 
increased if it were wtmml into a coil, as this would bring 
the difTtirent parts of tlie eirouit much closer together, and 
would iliertdore greatly iuoreaao the mutual iuduotiou of tiie 
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different portions— that is to say, it would incriuiw' tlu^ sulf- 
indnction of the circuit. 

It is possible to arrange a scries of inugnets in siu-h a 
manner as to make a magnetic field within a certain purtiun 
of which the magnetic force is every wlioro equal and in the 
same direction. When this is the chho the in:ign"lii5 lield 
is said to be uniform, and the lines of force an- nil [Hirallc!, 
and the section of a unit tube by a level Hiirfaeis i.s the s.’imn 
at every point. If any closed circuit i.s inovtal puralhd tu jl.nelf 
across the field, the number of unit tubes miveloped by tho 
circuit will theroforo remain unchanged, so that no eurn-nt 
will be produced; but if tho circuit is made to rttUite, tbo 
number of unit tubes enveloped will vary, uml therefore 
currents will be induced in it duritig tho motion. 

Suppose, to take as simple a case as possible, that the 
circuit consists simply of a circle of wire. In onler to il\ 
the ideas, suppose tliat tho lines of foree arc Iioriiauiial, 
and that tho positive direction — that Is to say, the dirn-tiun 
of the magnetic force — is from left to right. I,et the ein lu 
be capable of rotation about a horizontal axis parsing 
through its centre, and perpendicular to tho lines of fon e. 
Let the circle be made to turn about this axis iji the iliree- 
tion of the hands of a wateli, and ooimider what happens, 
starting with the circle in a horizontal positioji. In or<ler 
to define the direction of tho current round the cirele, sup- 
pose a watch to be placed iti it with its face in its plane, 
and directed toward tho oltscrvtm in tho initial position. 
Applying Taraday’s rule, it is then easily seen that during 
the first and last quarter rcvolutiona tho currtmt round tho 
circle will be in the opposite dirootion to tho motum of 
the hands of the watch, and in tho same direotitm m that of 
the hands during the second and third quwter i^volu* 
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tioiiH. The rovorsal of tho current will therefore take place 
ouch time that tho plane of the circle paasos through the 
poaition of parallelism with tho linos of force. 

If, tlnm, tho cir(;lo is made to spin about a horizontal 
axis, it will bo travors(«l by a series of c.urronta nltormitolj 
in opposite dinictions, tho change in direcstion taking }»lace 
at each half revolution. 

An approximabdy imiform Held umylbe produced be- 
tween tho poles of a magnet having its ends hollowed out 
to a suitable shape, and bent round so as to bring them 
close togiUdnsr. 

A oondimtor such as has been tloscribod, but having its 
ends cut at a point on the axis of rotati<ni, and connected 
with conduc.ting wires to curry the curnmts produc.i^d 
wherever they are wanted, and arrangtal in such a manner 
as to be capable of rotating between tlu^ poles of a magnet, 
is nothing more nor loss than a dynamo in its simplest 
ideal form. 

For some pnrpos<« — as, for example, for prothuung tho 
ch!ctri<'. light -tlui <mrrcnts may idthcr flow alternately in 
oppositti (lin'c.tiiuis or continuonsly in the same direction. 
For otlicr purposes, however — -Hnch, for example, us eleetro- 
plating— it is ncusessary to have the <‘urrent always in tho 
same tlirection throngh tho conducting wires or leads, 
as they arts ofton oalltsd, and in that aiso it is necossary 
to mako uso of aoints kind of arrangement which reverses 
the conneetiona botwoon tho rotating eondnetnr and tho 
leuils whenever tho dirtsotion of tho current in tins rotating 
jHsrtion is rovorwod — that is to «ty, at every half revolution. 
An amingoinont of this kinti is culled a commutator. 

Professor Sylvanus P. Thompson, in lus work on *‘Dy- 
immo-Klootrio Maohinoiy," from which, by th© kind per* 
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mission of the author and ptiWishor, the illu-ilrationR ni this 
and the following chapter have been taken, muhh up tho 
guiding principles which have to be borne in mind in e,.n 
struoting a dynamo, as followH-— (1) Tiie tield inaxin iM 
should be as strong as posHiblo, and llieir pid. s a < i.e-ir to 
the armature as possible; (2) the armature s!u>u Id !(H\e the 
greatest possible length of wire upon its enils; (;i) tin- wires 
of the armature coils should bo us thick us pi'ssible, Mt as to 
offer little resistance to the induced currents ; (-J) the speed 
of rotation should be as great as possible. 

These are by no means the only cotiditions wliieli luivo 
to he considered in designing a satisfactory dynuiao; but 
even when nothing further is taken into aecoiint, a sy stem 
of give and take has to bo adopted, ns it is impossibb! to 
carry out each of these conditions to the fullest pi..'.Hiblo 
extent in the same machino, and therefore it is ncee.,siiry 
to effect such a compromise as will give the Ihou resuii for 
the purpose in view. 
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CTIAPTEK VII 

KLECTlilOAL MKABITKEMKKT 

S O LONG as olcctricity romainod merely a laboratory 
Bcience very little attention was paid to electrical 
ineaHurement, outside the small circle of great mathe- 
matical tdcctric/iaim who were engaged in studying electrical 
phenomena, and investigating the general laws to which 
they wi^re subject, from a purely scientific point of view. 

For a hmg time after electricity had become more or 
lass a subjcu»t of general interest, the attention of by far the 
greater iminlier, even of tbose wbo were engaged in teach- 
ing the sulijac’.t, was mainly oonfinad to the description of 
phenomena without rc'gnrd to their quantitative relations. 

of not many years ago searcely even touched 
UjHm < pianl itati ndatiens, although the fundamental 

primfqileH ef eleiCrical measurement ha<f Ishui fully worked 
out by ClatiSH, Wi'ber, Sir William Thomson, and a few 
others. 

It was ilu^ application of electricity to priiotieal purposes 
wliicli eliangeil all this; and espeoially the rapid ami com- 
panitivcly rccinit develiipmmitof electric lighting, anti of the 
iipplieaiion td idectricity to the distribution of power. 

An tdeeirtea! engineer requin^s h> know not only whether 
aeurr«mt will be prodneed under eertiiin eirciiiii»taiieiiS| but 
also tins elTect of cacb one of these eiretiiiistonoes, so 

tiiat ho iiitiy Im able to dotermiae the conditioas m«t favor- 
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able to its economical production, and design bis ii|i|iuriitw8 
and sjstem of distribution accordingly. 

It is not sufficient for him to know that a Biniiller pro- 
portion of energy is wasted in the form of lu^nt whem the 
current is carried by a copper conductor than if an iron 
conductor of the same dimenHions wenx* cinj>Ioyf »L He 
wants to know exactly how much one is hritrr than thti 
other, so that he may ho ahlo to <hHndi! whether it is iiHirti 
advantageous to incur the incrcaHcd expenne «»f «’oj»{H‘r ciui* 
ductors in order to save the wask^ of energy? wliotlior 
the increase in cost would more than conntrrhiiliiiu^e lliii 
saving e/focted in the itiotivc-power. 

If the balance of advantage ii in favor of copper 11.4 il 
invariably is, for example, in the case of the ciHutuetorii 
which carry the curroTits for electric lighting -he has In 
determine the most economical dimenHions of the ctuifluetnm 
to be employed in carrying the current required. 

This is a problem whi(di lias to Ih^ dflmniued nlinost 
daily in the case of laying down eleetrie lieht rnldoH, wlu^di 
are now spreading so rapidly even in l^mdon. dlieHi' re- 
quirements of the practical engineer, which hegiin t«» nmkii 
themselves sensibly felt when Huhinarine tidrgraphy lirMi 
became a realized fact, afforded a most powerful 
to the development both of a system of tdec'irioa! mfuii 4 iifi!* 
ment and of the means for practically carrying it oiii. 

If the development of the system itself had been eiitindj 
in the hands of the mathematical electricians, find Inid been 
uninfluenced by practical considerations, it would hiive de^ 
veloped much more slowly; and would prolmblj, in guiim 
extent at any rate, have failed to fulfil the ref|iiirertieril« 
of the practical engineer. 

If, on the other hand, it had l^en dovoioj^d by w#®. 
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acquainted only with the practical side of the question, 
unaided by scientific theory, it would never have been so 
simple and convenient, even for practical purposes, as that 
now in use. It would, in fact, have borne the same relation 
to the actually existing system that our English system of 
Weights and Meaaurt'S docs to that which was developed 
by Hciontilie men in Franco, which, in addition to being 
one of tlio greatest boons to the population of the country 
in which it took its rise, has boon found so greatly superior 
to any system developed without the aid of soientifie knowl- 
edge that it has been universally adopted for the purpose of 
Bclontifle meaHurcmeiits, and has been made the basis of the 
practical system of elei-trienl measuroment. 

The British AsHoe.iation Committee, with Sir William 
Thomson as its gui<ling spirit, played the most important 
part in the development of this system, which is now in use 
by eleotrioal engineers of every nationality, and in every 
part of the world where electricity is employed for practical 
purposes. 

'I’he fouiiihition of the of eleetrii'ul in<*asur(‘ment 

was ri'iilly laid hy tln^ investigutimis of Cavendisli ahout the 
inidtllo of the lust (H‘ntury, in which he showed that the ob- 
eerved fact that a Indlow electrical glolwi does not com- 
numicate any portion of its eiiarge to a small globe in 
oommunieation with and jnclosed within it, leads by strict 
inathomatioal retisoning to the conclusion that tin* attrai-tion 
between two small eleotrioally-chai^ed bodies is inversely 
projKirtional to tin* square of the distance between them. 
Until Professor Clark-Maxwell in 1871) editml Cavendish ’» 
unpublished papem the French plijsicist Coulomb had gen- 
crtilly been credited with thia discovery, as Cavendish, 
though he communicated some of liis preliminary roaulta 

aulMKdlS— VCL. XIIl— 4 
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to the Eoyal Society in 1771, never pnhliMhfd hin tlolinito 
proof of tlio law. 

Cavendish’s prior discovery does not in luiy way dotnict 
from the merit of Coulomb, who in the year lt>7r> I'lnuinu. 
nicated to the B'ronch Academy the deHcrijtti<m of u norira 
of experiments with his torsion hnlaiUH', in which lu' hud 
directly dornonatratod tlio law of inver.Ht! s([UHr<>s Itoih for 
electrical action and for the attraction uinl r»'[iulHion he 
tween msignotic polos. Tlio discoveries of thivcndish and 
Couloml) laid the foundation of the theory of eieclroslatic.s 
and of magnetism respectively; and OiirsUsi’s discovery in 
1820 of the mutual actions between electric currents and 
magnets formed the basis on which AinpiNro built up his 
mathematical theory of eloctro-inagnotisin. 

It has been pointed out in Ohuptor III. that these inves- 
tigations gave the means of measuring eh'ctnc currents by 
their actions on magnets and upon each other; and, unh-cd, 
Ampere was the originator both of tiie idea ami of tin- name 
of the Galvanometer. 

In the same year in which AtnlK^^o doscrihed ihi.s insiru 
ment Sohweigger modified Ampere’s original idea hy wimi- 
ing a wire into a coil, in the centre of winch a magtictic 
needle was suspended, and indicated by its deficcti«tns tho 
direction and strength of tho current traversing the coil. 

In the year 1837 Pouillot modified this jnstruimsut so 
as to make it capable of exactly comparing tho stmnglhs 
of two currents by means of tho respective doflecticms of tho 
needles, instead of the deflection only giving a general idea 
of the current strength. The “Sine" and "Tangont" gal- 
vanometers, invented by him, are still among the instru- 
ments in most frequent use for laboratory tneaauremonta 
of electric currents. 
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In tfia yaar 18411 Ampdro’s invaHtigiiticHia c^ll tlia iiiut4inl 
aetiotiH id ccmcliiatorH carrying alt^ctria currc*ny led Widiar 
to tha invtmtion (>f tlia alaatro-cIynainoiiH'tcr, an 
ill whiali an cku^tria currant travermm in aucfCHHinri ii fixacl 
coil and a nmall inovabla one stn^priHlcd mdtliin it» and ilia 
atrengik of tln^ cnirrcnt in dctenniinHl hy tmmiiA of the tirilec* 
tion <d the smaller coil, 

Wliilo advanccH warn thtm heing iiunUi in the coiinlriit^ 
tion of inatriUiuuitH for nmi in ch*c.tric:iil nwmurvnunii, tlia 
tfnHiry of the mihjiiot wins by no nn^anH i^ianding atiil. 

In t!io year 1827 Olim pnbUisliad ii irnmi inijairtiiiit pnper, 
in whioh he gluwcd tlmt the Htrength of tlia current lictwciiiii 
any two poiriiH of a <*Mudnrtur \h proportional to. tlni electro* 
motive force between the two pointM, divid«^d by a ecriairi 
tpianlity tiepending only upon tlie dinunmiiuw and inatcrinl 
of the conductor, whieli ho cmlled iia ‘bdiH^^riciil rtiiiiaiiiiicc/* 
.For iornci yeara lifter Ilua, eleot.rieii.in« ct.>iitinii©tl to follow 
Olun’ii exiirnple in axpro-niing tlio tmmUitmm of clilleraiil 
porticum of .fi cirenufe in terma of the reaiisti.inee of ii Midetgeil 
portion of it. 

lit tlu'^ year 18*17, ln.nvcvt*r, Ikutillct took the very iiiijior* 
tarit atc^p of cx{-treiiaing all hia niciiNtircmenta of rciiiMiiiiifa,? in 
ti*rmaof the rci^tistaiuui of diatillcd mcrmiry, iming ms n i^iainb 
arcl Ilia re^iintanee of ii oolurnn of inereiiry of ii itieiiiitriii.i 
langlhi eontiiiiiod in a glims^ tiilas, lertii.Iiiiitii.ig in wiile ciifii 
in ordtir to iillow of tli© iitHu?«aiiry coiiiieetioiiis beiiig .tiunlti. 
In the jeiir ISSS Ciaitwi publiislied ii inont iiiijinrtanl 
paper, in whicdi hii doMerilieil tlie theory iiiid liicllitnl cif 
tneiwuring the iiiicnaity c»f terrei^triii! iniigiieliHin mid liis 
«lrClllgtll of a liilignctie pule in abmdule litriifOirr --llial IS 
to •iiji in teriiii of unitis depeinling only on ilia iiiiife iif 
i|iiiCM3| time, iiiid iiiiiMa which wera oliiwcfn Thoit ailopled 
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by Hm were tie millimetre, tlio soeoiul, and tlm milli- 
gramme. 

In 1861 and subsecpient yours Wobor, \vb<» bad bi-cn 
associated with Gauss in bis magnotio luoasunmumts, (b-vrl- 
oped a definite system of olcctrioal moasuromont es,i>r<'sst‘d 
in terms of absolute units, and foundod upmi Ghus.'i'h alisn- 
lute system of magnetic moasunmiont. In a jiiqiiT pub- 
lisbed by liim in 1861 bo pointed out that, aoourding to 
Obm’s law, tbe rcsistanco of a closed circuit is ib'lcrmincd 
in terms of tbe E.M.K. and tbe current strength, and be 
proceeded to define the unit of resistance as the resistunee 
of a closed circuit, in wliicb unit bl.M. K. proilui-cs a current 
of unit strength. 

He then went on to show that E.M.K. and ourreni 
strength require for their oxproHsiou in abHolute inenHuro 
only the determination of the strength of a mugni-tic. p-dc, 
and of the intensity of tiUTostrial niagncti.sni, butbofwbii b 
Gauss had shown bow to determine. 

The advantages of Weber’s system wens at onci' 

nized by Sir W. Thomson, and in the year l.sdl a t'um- 
mittee of the British Association was appointed, at bis 
suggestion, for the oonsidoration of stambirds of clccUn-al 
resistance, and the plan of work was subsoipicnily extended 
so as to include the general ipiostiou of uleetrimil measure- 
ment. The committee thus formed requeHted the eo-opi>ra- 
tion of the principal British and foreign eleetrieian.s, includ- 
ing hoth purely acientifio men and practical engmeers; and 
the final conclusion at which they arrived was to ad<ipt a 
series of practical units obtained by taking convenient mul- 
tiples of the absolute units. The princijial unita required 
by practical engineers are those of quanti^, of ottrrou% of 
resistance, and of potential or B.M.F. 
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Now, Ohrn’B law gives a relation between tbe last three 
of these, and the first two are verj simplj related; so it 
18 fiuliieient to determine any two of them* It will greatly 
assist the reader in forming a conce|)tiou of the (|uantitative 
rcdations whicdi have to be (nmniilt^red by electrical engineers 
to nmkn'stand clearly how these nnits are obtained, and I 
shall theridore indi<‘ato very briefly the simple course of 
reasoning by wliitdi the units of eurretii and resistiinoa are 
exprcHsad in terms of absolute units. 

Coulomb^s exfumiments had shown that the force acting 
helwetm tw<^ magtietic poles is proportional to the procliiel 
of thihr HtnntgtliH <livided l>y the square of tlie flwtance be* 
tween tlicm; and thereb^re, unless a UBeless faet<»r is intro* 
dtieed, the foree may be defined us (‘qmd to this eKpressitm; 
fnnti wliieli it will folh>w that tln^ unit pide, or poh^ of unit 
stremgth, will be that which repels a similar pole at a dis* 
tiineii of one ci'niimetre, witli a force of one djna. 

Now, the force exerUHl on a unit magnetic pole l>y m 
current whose disttince from it is constant— that is to say, 
!)y a e.urrmit Ihwing in a tamdutUor in the f<^rm of a (dreiilar 

fin*, deHerilied witli the ptde as eeiitre is found to be pro* 

portioiial to the length of iht^ arc tliviiied by the squiire of 
the nnlius of the cinde, and therefore the foree on a mag* 
netiii pole may be ilefliuscl as being cqutil to tlie |irciiliicl 
of iliti Imigilt of lliii are, llic current tliroiigli il, anil tlit 
strength of Ilia pole, divided by the icpiarti ol ilio riidiiw; 
and It followi tliiil the unit current imisl be detined im tlit 
ciitrreni of wliitdi efieli centimetre exerts a force of out* iljiic 
on a unit niagiu^tic pole at a tUstnncc of a eeiiiimetre* 

Tint unit of eleelrie ipiantity is tlidiiiinl tis llie 
oonveyotl in onti second by a eiirrmil of unit itrengtli. 

Il ii foil lid that tlio work rec|El»il to Iraniftr m givea 
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^Tiantity of electricity from one point to nnotlicr of a ooii- 
ductor is equal to the product of the quantity traiirtfomnl 
into the electro-motive force between the two jiomts, aiul 
therefore the unit electro-motivo force is an eksetro-motivt) 
force, such that, if it is established between two points, un 
amount of work equal to one Erg will be reeptired to tnuis- 
fer the unit quantity of electricity from one to tin' otlicr. 
The unit of resistance is then delined in aca'onlancf with 
Ohm’s law, which asserts that the resistance ln-twccn two 
points of a conductor is measured by the ratio of the eleef ro- 
motive force between them to the current produced iiy It. 

The unit of resistance is therefore defined as tho resist- 
ance of a conductor in which unit electro- motive fori-e 
produces unit current. 

The units so obtained are not altogether of convenitmt 
magnitude for the expression of. the okastricul qiianlitics 
which most commonly occur in j>ractical work, soint* b.-ing 
too large and otlicrs too small. 

The practical importance of selocting units of suitable 
magnitude may easily bo seen by conaidering what woukl 
be the result if, on tho one hand, drapers were to use u ndio 
as the unit of length in selling silk to their rebiil customers; 
or if, on the other hand, tho dates of events, referred, us is 
usual, to the beginning of tho Christian era, were stated m 
seconds instead of years. Tho result woukl he that in the 
first case the quantities of silk most commonly wdil would 
have to be expressed by moans of deoitnal fraotjotw of tho 
unit; while in the second illustration tho numljor of f!gurt»« 
employed would he utterly unwieldy. 

The units defined above, being based on the ceitUmetro 
as a measure of length, tho gramme as a measure of mwm, 
and the second as a measure of time, are known as centi* 
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iiitttre, granmiej sccoiui (uhuiUIj clonoted hj tludr initial 
letturB (lO.S.) uiiitH. 

Tlio practical unit of olooiric current in clefiiieil an 
toiitli of the C.(L8. unit of current, and in calked an Anipi^ro, 
after tho grv*ut Freindi tdec.tri<*ian <d that iiuiiu*. Ikit* unit 
of idec.tro-!!ioti VC fortui in cjillt,*tl a Volt, after Voliiii iind in 
taken to ke a liuinlrcd million (1.(1. S. unitH. The unit of 
reHi8tane.e, wliick in cadlcd tkc Olim, in then defincfl m the 
reHiHiaucc of a conduct<>r tkrough which an (deeirouiiotiva 
force of one Vedt will produce a curnint of one Ampere. 

It ran \m nhown to follow from theno dellniti«m« that tlio 
Olim in e<inal to a ihounand million C.d.S, unita. 

TliC unit of ejuaniitj in cadlial tln^ (loulomlu mid ib de- 
fined to 1 hi tho tpinntity a! elciUriiUty enrried by the unit 
<mrnuit in a HecoiuL Iih value \h one-ientli a CkCi S. unu^ 

ThcHc uniy came into gtmerid uae, in Cireat Briiiun mtd 
lier Coloniim, duriiig tlie yeara 1870 and 1871, through lha 
influencci of the British Association Committee, 

On tlie C4.>ntinent of Europe, Imwever, the iihsolutt^ ays- 
iem wuH not generally ude>pted ft»r prae.iitml pur|ioHeH luitil 
after the mtaU.ing of tlio Inltu'iuiiituial (longreas of Klee- 
trieiaim which was held in Farm in Oct«diei\ lH8l, mditui 
It was decidiHl tluii they should he inlopUid ly electrituaiift 
tIir«H.igliimt tliii wt»rhh 

The priiceii** of determining either tlie Volt or Iha Ohm 
in iiliioliite itieiwuro is one of great dillieiilty, mid rei|t.iirtiig 
the iiitisi iiliilioriilo jiimmutioim. The rimiilt «f this wan thiil 
lit tlic time of t!m Flirts Gonga^ss iiutiim'oiiH iliMeri^paiiciefi 
tmisiiid hciwetm the experimetitiil determiiiiitioiis of iiirtoim 
eiiiiiiiJiit electriciiiim, and it wan tliertdore decided to detliic ' 
provtiiiitiidly a “Legal Ohm** as the riisiMtiiiieii of ii cfiliiiiiii 
of puni iiiiirimry lOfI centimetres loiigi mid Imviug a see* 
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tional area of one square centimetre, this lengtli being the 
nearest whole number to tlio mean of the most ri'liable of 
the results obtained. The Volt was thoroforo delineii as tlin 
B.M.i’. which maintains a current of an Ampins in u eon- 
ductor whose resistance is a Legal Ohm. Tbo Coulomb 
and Ampere retained their former dcflnitioiiH. 

The unit of power employed by eloetrieal onginis'rs t« 
defined electrically as the power developed in a eirenit 
traversed by a current of one Ainpbro with a potmitial dif- 
ference at its terminals of one Volt. Tima unit, wiiioii is 
called a Watt, is equivalent to ten million Krga per Hetnuid. 
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OHAPTKB Vin 

MAONKTO ANI> DYNAMO KI.KCTKIO MACHINKR 

W IIKN^ Faraday had <liHoov«sr«3d that eloctrit! tmrrtnita 
c.ouhl 1 h! jintiltusod l»y tho iiiolion of a cKnuluotor 
in a iiiagnt'tio liohJ, ho conatriictod a machiiu) hy 
widcdi a continuoua ourront i!«>nld las cuiivtuiii'idly tn'iiiTnlad 
in thin niannor. It ctmaiHUMl of a dink of co|ij>ir iwflvts 
inohoH in diamoUsr, and uhont ono-fifth of an iiudi thiok, 
flxtid U|Hm a hruna axlo, ahont which it wjw niudo to roDito 
with its tulgo laitwoon tl»o |K>h‘s of a large cotujMHUid j>«r- 
jmuicnt Htccl tnagnot, formed hy joining a muniK-r of steel 
liorHcHhoe mugnetri together, tin' pole.! heing ahout half an 
imdi apart. 

The ctirrent was muilij pns.s throngli a pair t>f conduct* 
ing wires <tr leails, otio of whudi was atlai'hed to a l»nis» 
H.vli3, ami the other to a copjasr strip, wliioh rublmd ttgainst 
tho odgo of the tHsk IhsIwoou tins poles of tlio inagnot. 

Farailay thou found that, if a galvauomeDjr was inelmled 
in tho oireuit with omtduoting wires, a permanent tielloo- 
tion was produced, of an amount varying with tho speed 
of rotation, ami that it wjis reversi'd when the direction of 
mtayon was reversed. This was the Jirst inagnelo oltwtrio 
maahino. It was followed hy a immher of deviow, in whioh 
ooils of Wire were mado to rotato hetwwn tho polm of a 
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permanent steel magnet; or in ilie inagnri wan iiiiiilci 

to rotate, wliilc tlie coils of wire remuinml iiwd iHiAveru iltc 
revolving poles. 

Fow, tlic use of Bteol magnets greatly restrieted tlm 
power of tlieao maclnnes, for very largo hUm*! niagiiols are, 
in tlie first place, costly to Imild up, ami, in tlio seettinl 
place, they gradually lose a consnlerahh! ptnltuu of ilieir 
inagnetisni. 

In the year 1845 Wheatstone uml Cooke ttuik out a patnil 
for the use of electro- iuagnt*ts instead of permanent steel 
magnets, and three years later Brett siigg«‘sfed thiit 

the current generated in the urmaturo by the pennafunit 
magnetism of the field magnets should In* sent iJimiieii 
a ooU of wire surroxinding the lattt‘r, so as to inereaso ih»/ir 
strength. 

This appears to bo the first suggestion of t!u^ priiHMple 
of the sol [-exciting dynamo. 

In 1B()8 Wilde devised a maehine in wliicdi sn nrinalnre, 
consisting of coils of wire, was made to nUnn* betwri-n tim 
poles of a large electro- magnet, which was excited by im^nns 
of a separate small magneto- machine. 

The term ‘‘dynamo-electrio machimf * was first inlrodiierd 
by Dr. Werner Siemens in IBttT in dcsiuiliitig lio ilic 
Academy maohines in which (rnmnits were iiidiiec«l in tlm 
coils of the rotating armature by mcims of 
which were themselves excited by the ourrerils in lliti nriiui*' 
Imre. This term, in its shortened form, of 1$ 

now employed for all electrical macldnes drtv©ii by siicclmii- 
ioal power, whether self-exciting or not, in wliici}i tlm 
current is generated by the motion of eotli of wiro in a 
magnetic field, or by the rotation of a magimtk field alitnit 
coils of wire. Since tlris time the theory and |iri»ticii of 
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dynamc coastraclioa have &dTanc©(l witli rfipicl 8lriilti«, iiinl 
the various djuaiuos now in uao ar© so riiiiiioroiti lltiil 

would roquir© a volurno vory rimoli larger lliiiii llwi 
on© for thoir daaoription. 

An idoally siniplo dyniuno m shown in llin illiiiiiriitiiin 

(Fig, 5). ^ 

.It iioiuHints of a sitnplo riintunguliir loop of wtru rototiiig 
botwoon the polos of a largo inagiioti iirnl iliortfforo, m luis 
Ih)©!! pointod out hcforo, in an iipproxiiiiiitoly iitiifitriii 
fnagneti<! Hold.. 

Wlnni tlio loop m voriioid, i.m shown in tho llgtiroi il will 
1)0 travorsod frtnn loft to right by tlio ittiixitiiiiiii tmiiilitir 
of tmtl tubciH of forco; tliis 
tnunhor wilt diiiiinmh U> 

«oro wlion tlio planti of 
llio loop m lioriy.tuitfili and 
ftfior iinothiir cpinrtor rovo* 
lutioii— 4!ial ta to aiiy^ afliir 
Iiiilf a ro volution front ilii 
origi^i^d poHition ■ -'tlio lo«^p will ugHi!i iravi’mi'i! lo* tlin 

inii-xiinuin iiumhrr «»f unit Itihra <d 'Ho'y wull imw 

pans lltrtiugh it in a dirw.tii»ii uppoi^iio lo ihoir furinrr 
tioiii owing to Ihti intpoi’i of tho loop with rmjiwl In lliii 
itiiigitolio flohl lifiviiig boon rovoraod. Sliirling from lliw popi* 
tioit aliowit ill Iliii llguro, ilio oiirroni^* goiioritltn! in llio 
during itin irsi half rovotiition will Im iil! in ihti miiiiii cliroo- 
tioin Dtiriiig tliii iwl qiiarkir ruvolulitiii tin* siiiinbor of titiil 
lu! iOH 4if fotvif passing ihrotigh llm loop will bo 
wttilo» tliiriiig llici mml c|iiartor rovuliitirnn tboy wil! bit 
iliuroitaifigi and piiaaing ihroiigh Iho lotip in ihn 
diriaitioiii so tliiil tlni oflool will bo l!io aioiio* Tliiw will 
toitrtfiirc Im a ©urreiit iti mm dtreotioii roitinl lli*i loop liiiring 




82 ELECTRICITY IN MODERN LIFE 

tlie first half revolution, and the opposite way round duriii/' 
the second half revolution. In order to send these curieiit;; 
through the conducting wires in the same direetion, a eoni- 
mutator of the kind shown in Fig. 6 may Ite used, it 
consists of two nearly semicircular segments of metjil tul.e 
mounted on a cylinder of hard wood or otlur eouveuimt 
insulating substance. Each of these segments is eotuiected 
with one end of the loop, and a couple of strips of nu'fal 
are connected with the leads, and collect the eiirnml iroiii 
the armature by pressing against tho split tube, as slutwn in 
the diagram. 

If the lines of force in the field were perfectly horizontal, 
these strips, or brushes, as they arc called, would have l<> 
be set so as U> reverse tho oonneetious as the 
plane of the loop passed through tho vortical 
position; but it is found in praeticc that tim 
brushes must bo displaced slightly in tlie direc- 
tion of I'otation of tlu; annul un». 

This displacement is eulhsi tin* leaii of tho 
brushes, and there has boon oonsi^lcrahlo ditferenee <(f 
opinion as to wliy it is nocossary. 

It is now known, however, that it is really due to tho 
lines of force being turned into a slightly oldi.pu* ptmilioa 
by means of the currents in tho armature. 

It is found that if a mass of iron is placed within tho 
armature it will cause a largo number of unit tulws of forco 
to thread through tho looji, tho tubes which would olherwisw 
pass outside the armature being attracted, as it wore, by tho 
iron, and made to pass through its mass. 

When the field magnets are stationaiy and tho armature 
is made to revolve, this mass of iron, or core, as it is called, 
should really be at rest, because if it rotates with the arma« 
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ture, currents will be induced within it, just as in the coppei* 
disk o£ B’araday’s machine, and these, while absorbing some 
of the energy from the driving machinery, will not con- 
tributo anything to the current in the circuit. 

Tt is, howcviU', (‘usy to boo that there would be consider- 
abh'. Htruc.tural dinic.ultics to bo overcome in fixing a station- 
ary nunss of iruti within the revolving armature, and so it is 
usually nuule to revolve with the armature. Tu order to 
reduce as far as possible the currents induced in the core, 
and whi(*.h are known as eddy currents, the cores are l>uilt 
up (d thin Hh(‘(‘tH of iron, separated from one another by 
mt‘anH of varnish, mica, asbestos paper, or other convenient 
itisulating Hubstaiuu^ 

In ntlditi<m to the waste of energy caused l)y these e,ddy 
currents, tlu^y heat the e.ore consideraldy, ami theuadore, 
evtm iiuUvpendenily of the waste <d energy, solid iron cores 
are inadmissihle, for the Iieating (d the core which would 
ensue would not only inereasa the resiHiaueo 
<d the armature coils, ami tluucdorci diminish 
ciirnnits indm’cd In them, bnt would de- 
stroy file iiisulat.ing ruutt*rial whii’h He{>araU‘S 
the diiTerent tiumscd tlmeoils. In practitu^ the 
nriiiature is never fiunued of a single loop, but 
id a coil, Hiieh, for example, m in shown in Fig. 7, wliich 
exliiliili a secltim of the <irig5nal form of Siemens's Bhuttic* 
wound ariiiatiire, consisting of a coil of wire, wouml upiui 
nil irtin core. Siemens's original laagiudo-iuaeliiiici, with an 
ariiiaitire ed this kitul, and permanent sietd rnfignats, is 
shown in B'tg. 8. ''riiis form of armiitura is still retained 
ill Sinn! I motors, bnt for larger mim.hines it him Imen entirely 
rtplaced by iirntfitures in wdiieJi tlm coils are wound upon 
II ring or driiiii of iron, and which are therefore known as 
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ring armatures and drum armatures respectively. Fig. 9 
bFows a simple ring armature with a single coil. 

Now if a shuttle-wound, or a single ring-nruiaturo with 



fkj. a 

one coil, is employed, with a split inhv id. 

thougli tlie currents in tlie loads will always litt in thn 

direction, they will not \m of riiiisliuit 
strength, but will vary from a nuixi- 
mum to ssero at eaeli liiilf revuliiUtUL 
To remedy this, tlie ring nr ilriiin* 
armature is made witli a tiiiiiiber nf 
coils, and the tube of the eoiiiiiiutiiinr, 
instead of being divided into iwti ung- 
ments only, is divided into iw iiiiiiif 
segments as there are coils* 

The coils of the armature then come into iieiinti in wtes* 
cession when they are in the position for bti»l aoticiii. A, 
ring-armature of this kind is shown in Fig* 10. 



Fio. 9. 
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Here tbe armature coils are all in continuous connection; 
but in some machines, such, for example, as the well-known 
Brush machine, the coils are all separate, and each coil has 
its own commutat,f>r. A four-part drum-armature, with its 
commutator and collecting brushes, is shown in Pig. 11. 



Vm. 10 . 

There also disk-armatures, in which the coils are fiat- 
fauifld against the disk, and pole-armatures, which have the 
coils wound upon separate polos projecting radially from 
the periphery of the diak, as shown in Pig. 12, which exhib- 
its a six-polo armature with ©om- 
mutator and oolleoting brushes. 

Mf’.t/wdH of K.v.ritintj thet Field 
MnijnvU. — 'riicre are live simple 
ways of pnxbieing the Magnotlo 
Pleld in whioh the armature of 
the dynamo rotates. Of thMe 
methods the one first employed 
mmhtu, M hw already lusen 
pointed out, In the use of a {)er- 
manent steel magnet. Fig. 18 
shows, in a diagrammatio form, a machine of this kind with 
its circuit. 

Tlic b'nninals of the armature coils, togctijcr with the 
ooUeeting brushes, are seen between the poles of the rnag- 
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net; and tlie arrows show the direction of the current in tlie 
dreuit when the armature revolves as indicated by the 



Fi(». IS. 

tion of the brushes — viz,, in tlio clirtui/ion of tha JuiihIb 
of a watch. It will be seen that this in Hiinply tho dhi 

magneto-olcctric inaeliino whioli 
formed the original of the mod* 
em dynamo; but m Urn IniUT m 
now adoj^ted an a gemudo tonn 
for all these macdum\s, I hIuiII 
follow Profibssor B. P, ''rhompson 
in calling it a magm^to-dynamo. 

Permanent stead magnets are 
now only employed for c|uit 0 
small machines, nn morons ty|ie« 
of which, for 1aborat<»riert and 
other purpoBes, are «til! miidti 
with them, 

Iti order to regulate the 
produeetl l>y a iiiiiolitnt 
I of thin kind a movable pieciii of 
J iron ia lisually proviclecii wliicih 
can be placed morti or over 
the poles of the Field Magnet, in such a way as to diverl 
a certain portion of the magnetism from the armiiture. 
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Tho second stage in the development oi the dynamo is 
shown in Fig. 14, which represents a separately excited 
dynamo— tliat is to say, one in which the magnetic field is 
produced hy means of an electro-magnet, the magnetism 
of which is excitwl from some external source, such as a 
voltaic, hattcry, or hy moans of a small auxiliary magneto- 
dynamo, as was done hy Wilde in 1866. 

^I'hc arrows in the diagram show the direction of the 
current in the field magnet 
coils rotpiircd to produce 
the polarity imlicsatod, and 
the diro,(5(.iou of tho cur- 
rent in tho main circuit 
when tho rotation is in the 
samt' diretition as hoforo. 

'I'lits separately excited dy- 
namo may be governed in 
the same way as the mag- 
neto - dynamo; hut there 
arc two other methods of 
regulating its M. M.F., one 
or otiier of whiidi will 
generally ho found prefer- 
uhle. 'I'heso consist either 
in wi'akening tho current, 
which may Im convenient- 
ly elfeetwl hy intrortiioing 
iithUtional resistance into its circuit, or in altering th« 
immher of eimvolntions of wire tlirongU which the excit- 
ing current cironlates nmnil the flohl magnota. 

Tn any dynamo the magnetic fleid is necessarily BMsdlfied 
by tho current in the armature ooila, the efieet of the field 




88 electricity in modeen life 

due to tlie armature being to produce un bi.M.b. in tlio 
opposite direction to tliat due to tlie priinarj liald, arnl 
therefore known as the back E.M.P, 

It is evident that the strength of the back E. M.P# will 
increase with the speed of rotation, provided the ri'HiHfanc^o 
in the main circuit remains unchanged; but it wi!! be 
diminished by increasing this rcHistaucc-'-tbat is, by giving 
the machine more work to do; for example, by putting ii 
larger number of lamps into the circuit 

With the exception of the cfTect of this back K. M. F», it 
is clear that in both tliese nnudilm's tlie E. M. R will l*e imle’* 
pendent of the rosistaiKU) in the main circuit 

The next stage in tlio development of tlie dyitaitio was 
to do away with the auxiliary exciter, and make the iiiiiciliiiiii 
excite its own magnetism. 

This is eJTcctcd by making use of the ctirrcnt or of ii 
portion of the current, dtwidoptal in the armature* to e.wiiti 
the field magnets. Itwimld (uddtuitl}’ lu* impi»saili!o to stiirl 
this process unless the liolil magm^ls wcu’o excitml ii cer- 
tain extent to begin witlu 

Assuming this to be the case, it is easy to mm lliiil ilm 
small current which will bo prodmuul by rotating IIhi iiriiiii- 
ture may be made to increase tlufir magm^itsni, iiinl llmi tliti 
resulting incrcaBcd strength of the magnetic Held will iii* 
crease the current through the armature, wliieh, iii ite liirii, 
will still further maguotizo the flahl magnets; no lltiil in tliii 
.way, starting with a very small initial magnetixiilioti cif tht 
field magnets, it may be increased up to any de^iwiil extuiit 
below that of saturation. It m found in priiotie© timt llik 
process can be started without initially itmgiiotiiing llit 
field magnets from a separate source, the reason being lliat 
iron is always slightly magnetic; and although it« rtpiiliml 
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magnetism, as it is called, may b© so small as to require 
exceedingly delicate instruments to detect it, it is invariably 
found to be sufficient, without external assistance, to start 
the process of self-excitation. 

There are throe simple typos of solf-oxciting dynamo. 
Thc^ first and simplest of’ thoso, which may bo called the 
ordinary dynamo, is known to olectricianB as the scries 
dynamo. It is illuHtrated dia- 
grammatically in Fig. 15, and 
it will b© seem from the illus- 
tration that i\u) whole of the 
current from the armature 
passes through the exciting 
coils, wliich are connected in 
series with the main circuit. 

This form of machine has 
several serious disad vantages. 

In the first case, it is liable 
to become reversed in j>olari- 
tj, which inakcH it impossible 
to us<» it, either f<n' <‘!crtn>- 
|d,iiting |Hirpnst\H, <)r for churg- 
iiig fleam muliiiors or stH^ondary 
batteries. 

In liiii second place, it 
will iiol bigill to imuiio iteelf 
until a ctirtoifi aiieed lias been atlainedi depending oii the 
resistance in the circiiil. 

Finiilly, it liiii llie dimidvaiitaga Ihiil any iiicrciwe in the 
wisisiaiicti of tlie iimin circuit diniinishtii llici exciting cw- 
rtiiili mid lltercforc ciiminiahci lli© K.M.f, produced by tibia 
iiitcliiiie* 
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Tlie serious nature of this last diaadvantuge will easily 
be understood by considering its eifect when the machine 
is used to supply current for an electric light (tinniit. Are 
lamps, such as are used for street lighting and for large 
interiors such as railway stations, are usually conncctod in 
series— that is to say, the main cinuiit wire is mit wherever 
a lamp is to be inserted, and the two free ends thus ob- 
tained are joined to the lamp terminals. 

If additional lamps are put into such a circuit they will 
increase its resistance, and therefore diminish the power of 
the machine just when it ought to he iuercHsed. Incan- 
descent lamps, on the other hand, such ns arc used for 
house lighting and in theatres, arc usually conne<^Uul in 
parallel — that is to say, the conducting wire joining th« 
poles of the dynamo, and fonning the main circuit, is con- 
tinuous; and the direct and return portions of the conduct<ir 
— or the positive and negative mains, as they are called — 
are connected across at various points through the 
In this case the addition of extra lamps to the circuit opens 
up additional paths for the oleotricity to traveme, and 
therefore dimijiishes the resistance in the circuit, ao that 
a smaller E.M.F. is required to maintain the same current. 
The diminution in the resistance, however, increases tho 
current through tho field magnets, and this causes an tn- 
crease in the E.M.F. developed by the machine. 

In order to overcome some of tho dtdeets of tlm serioa 
dynamo, another type of machine, shown in Fig. 1«, has 
been devised. In this machine, as is shown in tho ttiagran)) 
the field magnet coils are not connected In wsrie* with thw 
main circuit; but their terminals, and th<»t) of tho main 
circuit, are both connected directly to the coUtwsting brushiw. 
The two circuits are then said to be in parallel, and th« 
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series coils are said to form a shunt to the main circuit; 
whence this form of machine is known as a “shunt” 
dynamo. The field magnet coils are made of a great 
number of turns of very fine wire, so that they have a 
much higher resistance than that of the main circuit, 
and are therefore traversed by a small portion only of the 
total current. 

When a “shunt” dynamo is used to supply a current for 
a set of lamps in series, the 
addition of lamps to the cir- 
cuit sends an additional pro- 
portion of the current through 
the field magnet coils, and 
thus increases the strength of 
the magnetic field, and there- 
fore also the E.M.F. devel- 
oped. If the machine is used 
to supply lamps in parallel, 
the resistance of the circuit is 
diminished, and less current 
is sent through the shunt 
coils, so that the strength of 
the field, and therefore the 
E.M.F. developed by the ma- 
chine, is slightly diminished; 
and if the internal resistance 
of the armature is small, such 
a machine can be made to regulate itself fairly well. 

The principal objection to shunt wound machines is that 
any unsteadiness in the driving machinery produces a com- 
paratively large effect on the main circuit. The reason of 
this is that the shunt coils, being formed of a great many 
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turns of thin wire very close together, and wound upon an 
ii*on core, have much more solf-indut'tion than the nuiin 
circuit, and therefore any variation in the speed produeea 
its effect upon the hxmits hefore the current in the exciting 
circuit has had time to undergo a sensible clinngc. ►Shunt 
dynamos are easily govornod by introducing resistance into 
the exciting circuit. 

The last of the simple forms of sol f-c.N citing dynamo is 
what Professor Thompson calls the separate circuit self- 
exciting dynamo. In machines of tliis type the “exciting’* 
circuit is entirely separate from the main eirenit, and the 
current through it is olitained either from a second armature 
spinning between the same Held magnets, or through a 
special commutator oonnected sejiarately with a few of tho 
armature coils, and supplying nocurre,jitto the main oiruuit. 

Neither Bcrics nor shunt winding can he employed for 
alternating current machirn'S, hut eitlier of the systems 
described may ho employed in eontinimus current ilynanioa 
— viz., those which give a current always in the tuuno 
direction. 

In alternate current dynamos no commutator i« roquirtal 
for transmitting the current to the main eirouit, as tho cur- 
rents, rapidly succeeding each other in opposite dirtHStioiis, 
arc sent through tho circuit just as they are received from 
the machine, and therefore, with a rotating armature, a 
simple sliding contact is all that is rcijuired. 

In some machines — suoh, for oxaiujile, as those in use at 
the West Brompton Central Electric Lighting atatitm— tlio 
armature remains at rest and the held magnets are made to 
rotate; and in this case no sliding oontae.t is retjuiml, tlw 
terminals of the main circuit being attached pcrmanontly 
to the armature. When the machine is a self-ox citing on*, 
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it is however necessary to employ a commutator to rectify 
the alternations in the exciting current. 

The armature coils used for exciting the field magnets 
are therefore connected to a commutator, of which Fig. 17 
represents a typical form. It consists 
of two hollow metal cylinders provided 
with teeth, and fixed upon a solid in- 
sulating cylinder, the teeth of either 
cylinder projecting between those of 
the other without touching them, as 
is shown in the illustration. The two 
collecting brushes are fixed so that one 
is always in contact with a tooth of 
one of these cylinders, while the second is in contact with 
a tooth of the other one. The two hollow cylinders form 
the terminals of the exciting coils of the armature* 
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CHAPTER IX 

THE STORY" OF TlfE TEliKdRAPII 

S OME of the (lescriptioiiH wliioh huvo come <l(>wn to uh 
of the manner in which the docrooH of the ohl Uoiiuui 
oracles were ooinmutfioatod to tlumo who crtmsiiluul 
them, irresistibly suggest tliat maguotiHiu wua ouo of tho 
agents employed by the priests to doc.oivtJ their dupes, 'i’ho 
descriptions are naturally extremely vague, as tho iiarnitorH 
themselves had no idea whatever of tlie proei's.s employed. 

It is stated in one of these accounts that an iron tnpotl 
turned round in obedience to tho ineantatious of the presid- 
ing priest, accompanied by certain movements, the ol.jret 
of which the narrator did not understond, of an ir<m ring 
suspended from a cord which tlio priest hold in his hand. 
The letters of the alphabet, inscribed on soparahi small 
plates, were arranged round tho tripod, and as tho latter 
moved they wore drawn down upoti tho taldo in suedi an 
order as to spell out the answer of the onudo. 

It is very clear that those offoots ndght be pn>dueod 
by means of magnetism, and it is diflloult to imagine what 
other means could have been employed. It is moreover 
quite certain that the lodestone was known to the priosi;* 
of ancient Egypt, and possibly through them to those t.f 
ancient Rome; and that the priests were also aoquaint^al 
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with the fact lA^either member of the pair who had tiacler- 
and suspended so tu.oreparation wished to con verse with his 
would set itself poiiitingurick the letters upon his arm with 
All through the Middle A^pell out the mcHsage, and, as 
as a means of imposition, both i/jwn arm, a corresponding 
foretell tlie ftiture, and by the cpiacks v uid. 
gesB the power of curing all the ills tliat'dinost iinpossiblo 
Kven the etilightenmerit of the nineteenth H statenumts, 
not extinguished the latter class of impostors, atnl i; knowl- 
therefora diflicult to imagine how easily they could lUipjacy 
upon the cra<lulity of the multitude in what are geruirally 
known as th<^ dark ages. We learn again from many 
writers, bagintiing from an early <late down to as Iiihi m 
the seventeenth century, that there was a wide!y»spreatl 
b(diaf in the possibility of communication between lUsiiint 
friends by means of the magmii 

The method by which this was «up|K>se<i to be ©Ifeetecl 
usually consiatad in balancing a pair of steel needks, which 
had Ikhui rubbed with the same lodestone, tijion vertH*iiI 
axes nesting on ciivulur bases, rouml tlui eircuunftutuices 
of whicdi w<‘re insiTilnHl the letters of the iilphalmt 

It was tlien stated that if two friernls eac.li |iossrsst!ii 
on© at tliese instruments, no matter lii'>w far ii|uirl they 
might be, tlioy could carry on convm'mtioii liy their iticiiiii, 
the method of proccilure being simply for ihii cine who 
wished to ipeak to tok© hi» instrumani and turn tbe m^eiile 
in atiectession to the diffonmt letUirs, so ns to sptdd out llie 
ioritence rer|uired, upon which, it was sli'itcil, tliii iieiiillii 
of the distant instrument would move from letter Ici lelltr 
in sym|)at!iy with the first Such stnteineriitt iirti, of ©oiwii 
absurd, and they prolml>ly originiited in ilolititiml# isipiM* 

turc with the object of oluaining triortey from lit oiwiiiloiiE 
SewMe*— Vm*, XJIJ‘— i 
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The famous pMlosoplier Galileo tells u" 
sought out by one of these impudent imr-l^ostors, who offered 
to sell him a secret art which woujd^ V ^eans 
of the attraction of a certain ^lagnetic needle, to converse 
across distances of sever^ 'tl^®^®"^^ miles. Galileo, how- 
ever, was not the ^f man to be made a dupe, and he 

very pertinently^ . suggested to the would-be vender that 
he kould speaking from 

one cor>^'^^ of I'oom to the other. This, however, did 
YiQpAmi the impostor, who objected that the distance would 
too short, and that the instruments would only work 
when the space separating them was considerable. Gralileo 
then informed him that it was not convenient for him to 


travel into Egypt or Muscovy in order to try the experi- 
ment, but that if the adventurer cared to do so himself, he 
would remain in Venice and let him try to converse with 
him, promising that if the experiment were a success he 
would become the purchaser. It need hardly be said that 
the knave preferred to try his fortune elsewhere. 

Another method appears to have been much believed 
in, but for obvious reasons it was not likely to be often 
put to the test of experiment. It consisted in cutting 
pieces of skin from corresponding portions, such as the 
arms, of two persons, and mutually transplanting them, 
when it was stated that each transplanted piece would 
grow to the new arm, which is quite possible, similar oper- 
atioi^ often being performed in modern surgery. The rest 
of the stoiy however makes rather large demands upon our 
creduh^. The transplanted piece of skin was said to retain 
so clc»e a empathy with its native limb as to be sensitive 
to any injury done to the latter. The letters of the alphabet 
were to be tattooed upon the transplanted pieces of skin, 
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and whenever either member of the pair who had nnder- 
gone this previous preparation wished to converse with his 
friend, he only had to prick the letters upon his arm with 
a magnetic needle, so as to spell out the message, and, as 
each letter was pricked in his own arm, a corresponding 
pain would be felt in that of his friend. 

It will perhaps appear to my readers almost impossible 
that any reasonable person could believe such statements, 
but, foolish as they appear in the light of modern knowl- 
edge, they are not more so than the belief in the efficacy 
of electric hair-brushes and magnetic lockets — et hoc genus 
omne — which not many years ago were offered for sale at 
almost every railway station in London ; and when we find 
such absurdities as these being believed in by the masses, 
in spite of our present standard of knowledge, it becomes 
easier to understand how even learned men could believe 
the corresponding nonsense in vogue some few hundred 
years ago, when the standard of human knowledge was 
considerably lower than it is at present. These ideas, 
moreover, absurd as they are, are not without interest, as 
they seem to foreshadow, though in an impossible and 
ridiculous fashion, the magnetic telegraph now in use 
throughout the civilized world. 

The electric telegraph, as it exists -to-day, was of slow 
and gradual growth — so slow and gradual indeed that it is 
impossible to point to any one man as being the inventor 
of telegraphy. 

If we follow the history of any scientific invention it will 
always be found that the process of development resem- 
bles the processes of nature in the organic world, and that 
though it may appear to flash suddenly upon the world, 
as Athene was said to have sprung, fully armed, from the 
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brain of Zeus, this sudden appearance is really only the ad- 
vance into general notice of the results of long and patient 
but unobtrusive work; and just as the classic story appears 
to give a perfect analogue to the sudden appearance of a 
great invention in the public field of view, so on looking 
a little closer the analogy still holds; for before Athene 
sprang from the head of Zeus the latter had swallowed 
her mother Metis. 

During the early part of the eighteenth century a good 
many philosophers occupied themselves with experiments in 
electricity, concerning themselves chiefly with the various 
means of producing it by friction. It was not, however, 
until the year 1729 that the discovery was made that some 
bodies conduct electricity freely and others only with diffi- 
culty. This discovery of the fact that substances can be 
divided, with respect to their electrical behavior, into the 
two great classes of conductors and insulators, was made 
in this year by Stephen Gray, a pensioner of the Charter- 
house, and this observation was of such prime importance 
in the development of the electric telegraph that it may 
almost be regarded as its starting-point. 

A great impetus was given to experimenting in electri- 
cal phenomena by Musschenbrdck’s discovery at Leyden in 
1745 of what is now known as the Leyden jar; and experi- 
ments on the transmission of electricity which had been 
attempted before were now resumed with much greater 
success. 

For example, in April, 1746, Abbd Kollet transmitted 
Ae shock of a Leyden jar through a number of Carthusian 
monks joined together by iron wires, and forming a circle 
five thousand four hundred feet in circumference. The 
contortions of the monks, when the circuit was closed, 
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were accepted as sufficient evidence of tlie shock having 
been felt throughout the whole circuit, and the fact that 
these contortions took place simultaneously showed that the 
time occupied by the electricity in traversing the circuit 
was too small to be perceptible. 

The iirst actual suggestion of an electric telegraph was 
made in an anonymous letter paiblished in the ‘‘Scots Mag- 
as^ino’* at Edinburgli, February 17, 175S. The letter is 
initialled “O, and many attempts have been made to 
discover the author’s identity^ but though plauBil)le theo- 
ries have m)t laum wanting, the question has never been set 
at rest, and a (‘.onsi(hu'abIo concurrence of evidemea indicates 
that the axttlior’s reason for concealing his identity was his 
fear of l)eing regarded as a magienun l>y his neiglibors. 

The suggestions made in this letter were that a set 
of twenty-six wires should be stretched upon insulated 
supports between the two places which it was desired to 
put in coTinection, and at each end of every wire a 
lic ball was to be siispcmded, having under it a letter of the 
alphabet ins(‘.ril)ed upon a ])i(*et’i uf j^aper. These picet‘s of 
paj)er were to phu*ed upon a luud'/.outal talde, at distances 
of about an inch below the balls. 

Connection was to bo effected by stietu^sHivelj bringing 
the ends of the wires at the sending station itito cioiitiiot with 
the charged alectriaal eondtictor, in sucli an order as to spell 
out the massage which was to be sent, and the tnesHiigc wii» 
to be read off at the receiving station by olwi'rving the le^ 
tors whicdi were suecessivedy attractetl by their corresponil* 
ing balls, as soon as the wires attindietl to the latter recti vod 
a charge from tlie distant conductor*. 

In 1787 Monsieur Lomond, of Paris, matl# th# im- 
portent itep of reducing the twoiity-six wiiw to one, md 
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indicating the different letters by various combinations of 
simple movements of an indicator, consisting of a juth-ball 
suspended by means of a tlircad from a condiudor in contiu't 
with the wire, which was cliargcd by Ixiiig put in contact 
with a charged electrified conductor at the otlicr mid. 

In the year 1790 Chappo, the inventor of the smimphorc, 
or optico-mechanical telegraph, which was in prin-tical use 
previous to the introduction of the electric, ttdegruph, de- 
vised a means of communication, consisting of two cdocks 
regulated so that the second hands moved in unison, and 
pointed at the same instant to the same ligures, wiiii-h were 
marked round the dials. 

In the early form of the apparatus, the exact moment 
at which the observer at the rec.oiving station sliould read 
off the figure to which the hand jiointed was indicated by 
means of a sound signal produced by the primitive melliod 
of striking a copper stew-pan, but tlic inventor soon miopted 
the plan of giving electrical signals instead of souml signals, 
hoping in this way to bo able to employ his uppurutus for 
communicating at greater distances than would bo possildo 
when sound signals were used, as the slow rate at wliich 
sound travels would make the interval between the sending 
and receiving of the signal so groat, that the hand of the 
clock at the receiving station would in the meantlmo have 
passed on to some other figure than the one intended to be 
indicated. He therefore used a Leyden jar discliurge to give 
a signal, hut he found it impossible, when the distamm was 
at all considerable, to insulate Ids wires sulliciontly well to 
transmit the signals, and it was this which led him U> de.viso 
his well-known semaphore. 

It was this difiiculty of insulation which was fatal to all 
the telegraphic systems based upon the use of oleotric ear- 
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rents produced by frictional machines, or by the discharge 
of Leyden jars. 

I pointed out in an earlier chapter that the electrical 
pressure, or electro-motive force, in tiic case of such cur- 
rents is extremely high, while the quantity of electricity 
transmitted is extremely small, so that in order to transmit 
them through any considerable length of wire, the insulation 
must 1)0 exceedingly good, as otherwise the leakage would 
be so great tluit no perceptible quantity would reach the dis- 
tant end. It would bo quite impossible practically to obtain 
the insulation required for a line of any length, but it is 
quite a dillcront matter for the telegraphs actually in use, 
whether the currents are obtained from voltaic batteries, 
or, as is occasionally done, from a small magneto-dynamo 
machine, for in this case a considerable quantity of electric- 
ity is transmitted at very low electrical pressure, and there- 
fore on the one hand there is comparatively little tendency 
for the electricity to escape, and on the other hand, the 
quantity of electricity being large, a certain amount of 
leakage is comparatively \inimpnrtant. 

■^I'he difference between the two cases is of very much tho 
same character as that between convoying water in a }>ipo 
three or four feet in diameter, with a prcsstire equivalent to 
say ten feet of water, and carrying it through a pipe my an 
eighth of an inch in diameter, with a pressure equivalent 
to a height of several thousand foot of water. It is easy to 
sec that in the second case tho pipe wouhl have to be enor- 
mously stronger than in tho flrat, and that all the water 
wouhl bo lost if even a very small leakage took place, while 
in tho first case a eonsiderably greater leakage might take 
place without producing any sensible effect. 

In 179d Bon Frauoisoo Salva read a pap^ Wore tho 
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Academy of Sciences at Barcelona wliicli is of s{>o<’ial inter- 
est in the history of Telegraphy, not only on ncconiit of 
the extent and coinpletoness of his own <ifsiy:iis, Imt ;i!so ;ia 
foreshadowing a good deal of what was only (arrioi! out 
at a much later date. IIo suggested, in the first plio-e, tliat 
instead of twenty-six wires heing used, one. for eueli leiit-r, 
six or eight wires only should ho oinplovi'd, eneh eharged 
by a Leyden jar, and that dilferent letters slionld ho formeil 
by means of various combinations of si'nial'i from thi-se. 
So far this was no advance on wliat had been done In-fore, 
Lomond having already shown that it was po i iide toron- 
vey the signals by means of one wire only. Ih- iheu, how- 
ever, went on to explain that it would be e'.r.'.-dingly 
cult to maintain even this number of wires if lin y w ere nil 
separately suspended from p<des, ami he tin refoi-e .mgge.sti.tl 
that they should ho separately insulateil, am! then rolled 
together into a single cahle, which is exactly wlial is iloiio 
in London at tho present day. 

Salva tells us that in his lirst trials he m.eio a cable (»f 
this kind by covering the wires with piieh ,-oatrd paper, 
or some other dielectric, anil then tv ing them io|. - i ami 
binding the whole with paper. 

Salva therefore was the first to make an el. riii,- tele 
graph cable. 

He also suggested that this cable Hh.-nhi l.e laid in mib- 
terranean tubes, and tliat, in ordc-r to imjiroNi- it i iiiMiIaiioi^ 
it might he covered with one or two eoai. of r.- nt, 1 !.• fur- 
ther pointed out that the inlerventi.m .d the nea m .-d not 
prevent telegraphic communieation heiween two pla.-.- i, for, 
as he tells us, it is not impossible to const.rnet eatde,i impi-r- 
vious to water, and to lay them along the bottom of tlm sea. 

In the experiments by which Balva illustrated this pajmr 
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he did not adopt hia own suggestion of using only six or 
eight wires, but employed seventeen double wires, one for 
each essential letter of the alphabet, those which are little 
used or whose power could be represented by others being 
omitted. Designs representing each of those letters were 
formed by means of a number of separate strips of tin-foil 
pasted on glass, and the two end strips of each letter were 
attached to the extremities of the corresponding pair of 
wires. A letter was indicated by taking the ends of the 
wires belonging to it and connecting them with the two 
coatings of a charged jar, upon which tlie observer at the 
distant station saw the letter illuminated by tlu) spark pass- 
ing across the breaks in the tin-foil. It is stated that this 
telegraph was actually employ od over a distanco of about 
a kilometre, the outgoing wires being all collected in one 
cable of the kind described, and the return wires in a sec- 
ond. A number of other attempts wore mad© during the 
end of the last century and the beginning of the present 
one to devise a practically useful system of telegraphic 
communication by means of frictionally generated currents 
of electricity, and several inventors attemjited to obtain the 
assiatance of the Oovernmont in carrying out their projects, 
but they invariably roeeivod the stereotyped reply that 
“telegraphs of any kind other than those now in use are 
entirely unnee.essary, as the Government are fully satisfied 
with the Semaphore system.’’ 

I must not, however, pass from this hraiudi of my subject 
without giving some account of the work of Mr. (afterward 
Sir Frjuuds) Ronalds, who took up the subject of telegraphy 
in the year I8l($, and published an aeetmnt of his uxpeii- 
mento in 18211, in a little v«>Iume entitksl “Description of 
an Electrical Telegraph, and of some other Eleoteioai Appa* 
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ratus/' of wHch the portion relating to tho It-lograph mm 
reprinted in 1871. 

Eonalds employed a single wires of hr,vM or OMjiptT 
xncloHcd in thick glas^ nnd 

laid in wooden tnoighs lintal iiiHiiln 
and ovit with pitrh, thr t}ifri‘rciit 
lengths of glass tuhiiig hruio joinnl 
tog(‘tlH‘r l>y slnn't f»\ rrlapptng tu!vf*H^ 
scahul with wax, in ordt‘r in 
moisture. 

The rcs’eiving jipj 'and ns 
siHt<‘d of a cinndar hr.nsM phite, 
Fig. 18, divided into twenty equal parts^ and laOatrd !«y 
clockwork, at the rate of one eomidete revt^lnian! pi r ndio 
ute; each division carried a figure, a lettrr, and u pn’pano 
tory sign. The figures were dividtal into twu H»nn**s vnv\\ 

contiuning the nnuifralM frMut 
to ttni) ainl tin* hdtrrs wrre ar 
rangcnl alphahetiendy , li-Hvini.*: nut 

J, Q, U, W, Xd X. 

In fr<jnt of this plute whh iKr^d 
a second disk of thf’’SanM' pr»i- 
vided with tm iiperturr ii*i f4hi»wfi 
in Fig. 19, and this disk imuld lie 
turned by hutnl ahnut its mitre, 
which coineidecl with ihe first ili^ika 
The aperture shown in the illustration wiw of smdi a alc.n 
as only to allow one letter with its eorrespoiniing iigure Jiiid 
preparatory sign tr) be visible at any one liirii\ An rlorlm* 
scope, consisting of a pair of pith-ballg atiindioti by 
of threads to a metal support in conneetiuit with lliii linn, 
wire, was suspended in front of the latter diik. 
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The transmitting apparatus consisted simply of a small 
cylinder electrical machine, the prime conductor of which 
was in connection with the metal conductor from which the 
pith-balls were suspended, and through that with the line- 
wire. The transmitter and receiver at cae.h station wore 
exactly similar. When it was desired to send a message 
from either end, the outer disk was turned so as to exhibit 
tlio letter A with its corresponding numeral and preparatory 
sign, which, in this case, stood for tlio word “pn'.paro.” 

The clock was then started, and a signal sent along the 
wire every time that the sign “prepare” came opposite to 
the aperture. Tlic person at the receiving station in the 
xnoantimo adjusted his apparatus so that the letter A was 
shown by his receiver at the moment when the signal 
“prepare” was sent through the wire, and, as soon as this 
had boon dontu, ho signalled the fact by sending a discharge 
at the moment that the preparatory signal standing for the 
word “ready” appeared opposite the aperture of his in- 
strument. In this way the two dials were made to show 
the same letter simultaneously. 

lionalds drew up a sort of telographi(5 code by which 
words, and somotimos oven complete sentences, could bo 
transmitted by only three disoharges, and, in order to show 
whether letters, figure.s, or oode-ligures, referring to words 
and sentences in the dictionary, were intended, certain pre- 
paratory signs were made beforehand, such as “note 
leUers,” “note figures," “diotionary.” Whtuuiver a {ire- 
jiaratory sign was to he road instead of a letter or figure, 
the fact WHS aumiuueed by sending an extra strong charge 
through the line, thus causing the {lith-balls to diverge more 
widely than usual. In tirder to obviate the neoesaity of 
continually watching the instrument at each station, a small 
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Volta cannon was provided, consisting of a tube bavitig 
its open end closed by a cork, and containing an expliwivo 
mixture of oxygen and hydrogen gases. A pair of wir»« 
in connection with the direct and return wires of tlie lino 
passed through apertures in this tube, anti eiiiim very eloso 
together without touching, inside it, st» that witen a tii«. 





charge was sent through the line from llm tlwtAiit 

the gas was exploded, and, hy its rojwrt, ciiUod th« atMuition 
of the observer at that station. 

The whole apparatus is shown In Fig. 20, B Wng lh« 
electrical machine, B the pith.l>all oketros.M.|Ms A th» 
with its orifice, F the Volta piatol, and K Uni luisa uwijlaiw 
ing the conducting wires. 




THE STORY OF THE TELEGRAPH 


107 


In the work preYiously referred to, Eonalds proposed 
that telegraph offices should be established throughout the 
kingdom. “Why,” he says, *‘has no serious trial yet been 
made of the qualifications of so diligent a courier ? and, if 
he should be proved competent to the task, why should not 
our kings hold counsels at Brighton with their ministers 
in London? Why should not our government govern at 
Portsmouth almost as promptly as in Downing Street? 
Why should our defaulters escape by the default of our 
foggy climate? and, since our piteous inamorati are not 
Alphei, why should they- add to the torments of absence 
those dilatory torments, pens, ink, paper, and ppsts ? Let 
us have electrical conversazione offices communicating with 
each other all over the kingdom if we can. ’ ’ 

It would have been pretty well impossible to have made 
a more accurate forecast of the part now played by the elec- 
tric telegraph in our daily life. The different residences of 
her Majesty are connected by telegraph wires with the gov- 
ernment offices in Downing Street, and ministers can com- 
municate with their subordinates, or be recalled upon occa- 
sions of emergency, from any part of the kingdom or from 
abroad. The telegraph has become one of the most efficient 
aids to the detective police force, and many a time has it 
happened that a thief or a murderer has succeeded in getting 
into a train for some distant seaport on his way to America 
or elsewhere, only to be stopped on arriving at his destina- 
tion by detectives who had received his exact description 
by telegraph. If the criminal succeeds in getting out of 
the country, even if he goes as far as the Antipodes, he will 
generally find on arriving there that his description has pre- 
ceded him, and he may not improbably be actually met on 
landing by the local police, who have received by telegraph 
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a complete description of him, together with tlm name of 
the ship in which he sailed. With regard to the “pit«;on8 
inamorati,” the post-office officials, if it were not for the 
regulation which compels them to maintain uhsolnie rcti- 
cence about the contents of all tolegranm pas.dng throng], 
their hands, would have amusing and sometiine.H path. iio 
accounts to give of the numorona nieasag<'a whi.di tin'}' have 
to transmit from love-sick swains aiul forlorn las;;ea. 

The undergrotmd cable employcnl by Hoiialda was not 
so very different from those whieii are now in tise, though 
the India-rubber and gntta-iiorc.ba now nse.l us insiilntoi-s 
are a great improvement on the glass tubes eni|iloyed by 
him. Eonalds, however, pointed out that jiiteh and cloth 
might be employed as insidators, as bad alnuidy bera sug- 
gested by Oavallo; and tarred tape is still very largely em- 
ployed, on the score of ohoa])neHS, where very higl, insnla- 
tion is not ro(iuirc(l. 

Eonalds, moreover, pointed out that <'ast iron troughs 
might be made as tight us gas pijies if it were eoiisidered 
desirable to employ them, and the system of laying insu- 
lated telegraph wires in cast-iron jupes is one whieh is very 
extensively employed by the Post-Office at the present time 
in London. The tubes are usually laid down tinder the 
pavement, with openings at ititervals, c.l(»sed by movublt) 
covers, to enable defective wires to bo removed, and m w 
ones drawn in when rcpiirod, without taking up the pipes. 

Eonalds’s remarks regarding the tpiestion t.f preserving 
the wires against malicious injury nre so sensibli? and witty 
as to be worth quoting in full. “To prote,-.t the wires,” he 
says, “from mipchiovously-disposed pers<»ns, let the two 
tubes be buried six foot below the surfam, of the nd.I.lk, 
of highroads, and let each tube toko a difTurent route to 
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arrive at the same place. Could any number of rogues 
then open trenches six feet deep in two or naore public high- 
roads or streets, and get through two or more strong cast- 
iron troughs in a less space of time than forty minutes? 
For we shall presently see that they wotild be detected 
before tlie expiration of that time. If they could, render 
their difliculties greater by cutting the trench cloeper, and 
should tlioy still succeed in breaking the communication 
by these means, hang them if you can cateh them, damn 
them if you cannot, and mend it immediately in both easea 
Should miBchievous devils from the subterranean regions 
attack my wire, condemn the houacB belonging thereunto, 
which cannot easily escape detection hy running away/* 

Ronalds proposed, moreover, in onlor that any breakage, 
whether accidental or otherwise, in the line might be imme- 
diately detected, to keep the line wire constantly charged 
with electricity, and to have certain testing stations estab- 
lished at convenient positions along the line, at which teste 
should be made at short intervals. This idea is almost 
exactly carried out in the telegraphs of tln^ present day, 
ex(U‘pt that Voltaic hatti‘ri<?s an^ nsud instead of frictional 
machimm to supply the ettrrent, and it is unniHumsary al- 
ways to keep the battery in circuit, the current only having 
to \m tunuul on while the test is actually l>eing iiitide. 

I must make one more (luotatimi from ,Eonalfl»*« work, m 
it shows that his irmiglit into tdeciritml phenoiiieiiii eiinhlcd 
him to foreemst a diflieuHy in the triinsmisHioii of signiili 
thn>ugh long underground cables wddeh no one ebe 
to Imve thought of---a diOUnilty wliicli, in tlui eiirlj days of 
gulmiiiriue tfdegraphy, proved to he a foriiiiilaliki obstfiel# 
in tlifi way of the rapid transmissi<»ii td sigiuils ihrcwigli long 
•ubmergi^d cablen. and which wm irwl ex|iiiiiiiecl with tlit 
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aid of matliematical analyaiB by Sir W. Tliuiiisnii, and pnio- 
tically remedied by tho beautiful aignalling apparuinH wbindi 
he devised in accordance with the reipiinaiuailB iiHlicuted 
by theory. 

Eonalds’s statement is as follows: "‘That olqvcXum 
which has seemed to most of tliosci with wlaun I bavo 
conversed on the subject tlio l(‘ast obvicuiH, n,pp«‘:ira luo 
the most important, tlicn'foro I b(‘g!n with it^ vir.., thn 
probability that the electrical comiumHaium whicli wcuihl 
take place in a wire inclosed in glass tubrs <d inany mih's 
in length (the wire, acting, as it W(‘n‘, likt^ the initeanr 
ing of a battery) might amount to the n^Umlion of n charge, 
or, at least, might destroy the Huddetuitw <if a diaidtargi’, 
or in other words, it might arrive at nuch a degret^ as to 
retain the charge with more or h*SH furci*, even altliough 
the wire were brought into contact with the i-arili/* 

EonalJs completely proved tlu^ practicability of hia jdan, 
not only on the sliort underground line which I have <le» 
scribed, but also upon an overhead lints Home eight milcn 
in length, constructed by carrying a teh^graph win^ Itack- 
ward and forward over a wooden framework twcct«’«l in hJa 
garden at Hammersmith; and althtmgh, when the tdcigm- 
magnetic telegraph came into ust^, he frindy iidmitieil the 
great superiority of electro-magnetiHm for telcgriipirn^ pur- 
poses, yet ho maintained to the last that if hia <»wn iiyHinn 
had been tried on a large scale it would hnvt^ hvmi n priii!« 
ticable one, even for lines of many miles in length. 

The first attempt to employ Voltaic electricity in telcg* 
raphy was made by Don Francisco Salva, whiwti fri«itioiifil 
telegraph has already been referred to. On tlm Mih of 
May, 1800, Salva read a paper on “OiilviiniHin iiinl tU Ap- 
plication to Telegraphy’^ before the Aoa«!eiiiy of Bcsinimci 
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at Barcelona, in wHcli he described a number of experi- 
ments -which he had made in telegraphing over a line some 
810 metres in length. In these experiments he made use of 
Galvani’s discovery of the convulsions produced in a frog’s 
leg by means of electrical discharges, the motion of the 
frog’s leg being employed to indic^uto the signuls In the 
course of these experiments, Salva discovered that the frogs 
at the distant station wore sometimes thrown into convul- 
sions, even when no frictional discharge was passing along 
the line, and he soon found that this was due to the slight 
Voltaic current generated by the contact lietwoen the frogs 
and the oonduoting wires at the sending station. This ap- 
pears to have boon the first discovery of the fact that the 
Voltaic current might bo employed for the tninsmisHinn 
of messages. 

Salva continued bis experiments in this diroetion, ob- 
taining tbe electricity from a largo number of fro^pi, and 
a few years later be applied the then recent discovery of 
the Voltaic pile to the same purpose, the liberation of bub- 
bles of gas by the deoom position of water at the n-eeiving 
Station lic'ing the metliod iidopti'd for indicating the. jiassag© 
of the signals. 

A telegraph of a very similar ehuraeter was devised 
by Sdmmering, and deHcrilKid in a paper communumted by 
the inventor to the Miinioh Academy of Sciences in lHd9. 
SfSmmering used a set of thirty-five wires corresponding 
to the twenty-five lettera of the German nlphalna mid the 
ten numerals. 

These wires were conneeteil to thirty-five gohl poitite 
or pins which passed up through the bottom of a trovgli 
of water, and the letters and figures were iii<iit*aii*d by 
oonaeotiug the terminals of the Voltalo pile to difImtiA 
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pairs of wires, when huhhlos of oxygen ■■m.l liyarojn'n 
respectively were evolved from the corrcspniuling .'uhl 
terminals. 

In order to attract attention at tin* distant sfaf!*»iu flio 
gas rising in Imbbles from two e-ontboions pins wa- a!i*‘\\ ad 
to collect under an Inverkul glass cup atlafhrd ti* iIh* nnl 
of a long lever, and tins lever, risitig ns tin* -as was liber- 
ated, caused a second hwr to desetanl ami fltnov oiT a 
small leaden ball resting upon it, wliiidi in falling ! fln^ 
clockwork of an ordinary ailariu in motion, 

Oersted^s divseovery of tlio action of the clfs-iim* ion'ront 
upon a suspended magnetic luaslkt pro\idml a now ami 
muck more liopeful meibod of uppiving fla* t u-ciric rnr’« 
rent to telegraphy. Tim great Frimeh ustromnsirr !,:ip!ae«^ 
appears to have been the iirst to snggt’st iliis upplieafiMU of 
Oersted’s discovery, and he was folbovrd ,sIiorf]\ aiforw.ard 
by AmptJre, wlio in the year 1820 rend a i>ap«T bidoiv ibo 
Paris Academy of Reiemms, in tin' eonrso of w!di‘!i !m 
sketched out the plan of a tedt‘graph in wldeli the 
were to be indicated by small magnets plaerd nndrr tin' 
wires. 

In 1829 ProfoBBor Fcchner, of Lcipsie, poiniod tnii tlmi 
tlie effect at the distant station might be inermiNod l»y 
inclosing the noedlos in coils consisting td umuy Inriis 
of wire, as Schweigger had already done in eonsinniiiig 
his galvanometer. 

In the following year Professor liiteldm, of the U.»yiil 
Institution of London, adopttul this Hiiggt*siii*ti imd 
hibited a model telegraph in which twmiiy^'six sepnrnte 
circuits were employed with twenty-mx suspeii*lrd imig- 
netic needles, each surrounded by a coil of wire, A intiidi 
more practical form of telegraph was invimkftl mmu iifier 
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this by Baron Pawel Lwowitch Schilling. Baron Schil- 
ling’s attention was first directed to telegraphy by seeing 
Sommering’s telegraph in action in 1810 at Mnnieh, Schil- 
ling being one of the attachds of the Eussian Einbaaay at 
that place. Schilling’s first electrical expcrinieiitB were 
directed to tlio use of electricity for tlio purpoHoa of war, 
and consisted of attompts to provide tohgraphi<? comiim- 
nication between fortified places, and to ex|)lo(la powder 
mines at a distance by means of electric discharges carried 
through insulated wires laid under ground or mulor water. 

The final form of Schilling’s telegraph rcquirocl a single 
motallie ciremit only, consisting of a direct and ratiirn wire. 
The sending instnuneni was simply a key to make and 
break contact, or to reverse tlie eurnmt ihrougli the line. 
The receiving instrument consiskHi of a galvanomcU^r 
formed of a magnetized needle, suspended, l>y iinmui 
of a silk fibre, within a coil of wire in eircniil willi 
the line, the motions of the needle being indicfitad lij 
means of a small disk of paper attacdied to the suspended 
fibre parallel to the lieedlc, and paintcti wduk’ on .sitlo 
and bhude on the otluu*. In this way tuthcr the wdutc or 
the bbudv face was brought opposite ilm olmervcr, m’cortb 
ing to the direction in which the eurnmt was simi Ihroiigh 
tlie line, and the different letters and «»ther signs w^ero iii* 
dieated by means of various combinatiium of ilmiiii two 
primary iigniils, for examplo, writing W for white and 
B for Idaek; the vowels were indicateil !»y ilm following 
eomhinations— "A = bw, E=b, I^bb, C),. dovb, ll. .:%vwln 

The first bimignal alphabet is popnhirly i4ii|i|M,ii4eil In 
have been denused l»y Morse, but as a iiiiilier of fuel stieh 
filpliabeli were employml for signalling purposes tw far buck 
as the tiiiiiii of tlie ancient (1 reeks tiini Eiiiiiiiiis, lltii sigiiiik 
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consisting generally either of souikIh, or «ign» viBihle at a 
distance. Scliilling’s device for atlriujtiiig the attention 
of the observer at the <liHtonfc station wjw very similar to 
that of Sammering, upon which it was foundtHl. 'I’lio silk 
fibre by which the noetlle was snspciuled was n-plam-d by 
a rigid metal wire carrying a liori/.oiitnl inotnl arin. imd 
when the needle was delb'ctcd by tin- curn-nt this arm strin-k 
against a delicately balanceil lever, ami ennsed a lemlon Imll 
resting on it to fall upon a seeund lever ami set a elorkwork 
alarm in motion, as in Bominei-ing’s instrument. .Sehilling'a 
telegraph is of special interest owing to its (n ing the proUi- 
type of the modern needle telegraph instrument, am! also 
because it was the immediate eause of the eleetnn tt-h-gniph 
being introdueed into Knglarid. 

In 1888 a telegraph was eonstructed hy (lanss ami Wetn-r 
at Geittingon for transmitting signals hntween their magnetiii 
observatory and the pliysieal lalioratory of the Ifiiiversity, 
This telegrapli is principally of interest on aeeouiit of the 
simple and ingenious method emjiloyed for hiereasitig 
the sensibility of the receiving instrument, the plan !«'ing 
the same that was afterward adoptwl by Sir W. Thomsttu 
in his “Mirror” galvanometer. 

The current was generated hy an ordinary voUaio Irntti-ry 
until the year 1885, after which a magneto*ideetrio macliim*, 
made by Bteinlieil, was employed. The csnrreiil prodm-ed 
by the magneto maeliino was made to deJleet a large sus- 
pended magnet weighing ahoiit one hnmlr«-d pounds, and m 
the doflectioiiH of this magnet were extnnnlingly smiill, they 
were observed by attaohing a mirror to the mngtmt, nml tbe 
do/lections wore read hy placing, at a disUimn. of Irn or 
twelve feet, a tolesoopo, at the top <•( which was tiao-il 
a horizontal scale, the reflootioni thi> sca!n in t!w> mirror 
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attached to the magnet being read ofi through the telescope. 
A “bi-signar’ alphabet very similar to that of Schilling’s 
was employed. The primary signals consisted of deflections 
of the magnet and mirror to the right and left respectively. 
Some kind of alarm was employed in connection with this 
telegraph, but the details of its construction have not been 
preserved. 

Gauss believed that this telegraph was capable of being 
brought into a practical form suitable for general telegraphic 
purposes, but not being able to spare time from his scientific 
investigations to devote himself to the practical working out 
of the subject, he invited Steinheil to take it up, and this 
inventor introduced a number of modifications which vastly 
improved the original instruments of Gauss and Weber. 
In order to provide the current Steinheil employed a 
magneto -generator, consisting of a permanent compound 
magnet built up of seventeen horseshoe bars of magnetized 
steel, with a pair of coils, consisting of fifteen thousand 
turns of fine silk-covered wire, which were made to rotate 
between the poles, a commutator being provided to make 
the current continuous in direction. The coils were set in 
motion by means of a fly-bar terminating in two metal balls 
attached at right angles to the axis, about which they 
rotated. The receiving instrument consisted of a pair of 
magnets, to which were attached two cups, terminating 
below in fine perforated beaks, and filled with printing ink, 
so that each time the magnets, with the cups attached to 
them, were depressed, a dot was made upon a strip of paper 
carried under the cups by means of clockwork. The con- 
nections were made in such a manner that one of these 
magnets was depressed when the fly-bar made half a turn 
from right to left, and the other one when it made half a 
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turn, from left to right. la soiao of Stcialicir.-^ n'criviag 
instruments the magnets, instead of heing pi'tiviileil wiih 
cups, were made to strike upon two hell.s of ililforont tuiu-.'i, 
so that Steinheil was the original inventor hoth of “ priutiiig 
telegraphs” and of ‘‘sounder receiver-^. " 

In the year 1838 Steinheil nuule, ueeiiientai Iv, the vi-ry 
important discovery that tin* n'tnrn win- iiii!'lit ho <-.1 

with, and the earth use.<l to complete the eireuit, .-.o that 
only a single wire was nocessury in oriler fo eifcet eommu. 
nication between two stations. 

Gauss had suggested that the two rail.s of u railway 
line might be employcul as the eoiidm-tors of a tele, 
graph line, and in July, 1838, Steinheil trn-d the experi- 
ment on the railway between Nuremberg nml hurtli, but 
he was unable to insulate the rails suflieiently to tran .mit 
the current. 

In making these o.xperiments the great t’oiidueting power 
of the earth impressed itself foreiidy upon Ium min. I, ami 
suggested to him that it might possibly be emph.ye.l m .te.ni 
of the return wire, and he lost no time in putimg tie' ni. ii, 
to the test of experiment. It was perfeeily sm-.-essfu!, ami 
formed one of the greatest improvements in ei.-.-ine i. I.-p*. 
raphy, owing to the great reduction wliieh it eib-. t.-d in 
the cost of erecting telegraph lines. 

The next important step in the develupm.-nt of tin- eh-.- 
trio telegraph was made by an Knglishman, l-Mwar.! l»nvy. 
It would take up too mue.h space to give a iletailed .it »erip- 
tion of Davy’s telegraph, im his system was tleve!oj.ed with, 
out any knowledge of what other workers in the same field 
had been doing, and was conMe(piently one of eonsiderable 
complication. Two of his inventions, however, must not 
be passed over without notioe-vb., the “ilolay” and tho 
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“Chemical Eocording Telegraph, ” ,i',« they form important 
landmarks in the story of the telegraph. 

The principle of the “Belay,” or, as Davy enllod it, tho 
“Electrical licnowor, ” though extremely simph', is tnie of 
very great importance, as it greatly reduced the dil]ieu!!i»<s 
incidental to long-<listanee telegraphy. 'I’lie ohji-et of the 
relay is to ohviato tho netu'SHity «tf using very larg*' eurrmits 
to compensate for tho leakage inevituhie in the ease of h*ng 
lines. The principle of the method consists in hreaking 
up a long oireuit between two distant stations info a series 
of shorter circuits, each complete in itself. IteUveeii each of 
these circuits is placi^<l a riday, winch is simply an H]ipa< 
ratuB, which, when a signal i.s sent from the transmilliiig 
Htation, makes conmiction hetween the next eireuii lieyoml 
it and a local battery, and thus Hnlomutieally carrii's on 
tho signal. 

In Davy's first relay tho further end of the limt line wiro 
terminatetl in a rectangular flguro of 8 eoi! fixed in a Imri- 
zontal position. Within entdt e«>i! wjis placed a jteedle, 
balanced iqion a horizontal axis, and .nlopi were phu-.-d to 
prevent cac.li of the needles from moving, t'Xeepl in ,,n«j 
direction. Wlnm a current was sent through the Inie, one or 
other of the iieuilleswas ihd!e«!ted, according to the direeiiori 
of the current. The lower end tif I'aeh neinlle eii.rritHl ai;r»*}tii 
piece of copper wire, with ita ends turned downward, tine 
of thesis ends wjta always immersed in a esip of iiK'reury, 
which was in eonneotUm with onoof llie tiTminiils of a gal* 
vanio Imttery, atsd tho othor end was insole to «iip into a 
gecond mereury ouj* whenever the needle was i|elleei«4 
by a ourrent through tfio coil. This set?on,J enp formwi 
onoof the terminals of tho next circuit, whieli wan in thin 
manner put in oonneotion with Uni battery. 
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In Davy's chemical recording telegraph, a strip of calico 
impregnated with Iodide of Potassimn and (liiloridc of 
Lime passed over a copper cylinder, and wan earned onward 
when the cylinder revolved. When a signu! wa.s sent from 
the transmitting station, a metalUo contact pi( «’c, f(»rmirig 
one of the terminals of the lino, wa.H made to pr. sa ngain.Mt 
the calico, which completed the circuit tiirough the latter 
and the metallic cylinder over which it pasHed. Kvery timo 
that a current was sent through the calico a marh was nmdo 
upon it hy the chemical decomposition of tho salts with 
which it was impregnated, thus giving a permanent reimrd 
of the signal. The mehd cylinder was not ina>!o to revedvo 
continuously, but, by means of a ineohanisia .*ii l in motion 
by the transmitting current, it was nmite to advam-e through 
a certain space after tho trunsmiHaion of every signal. 

In the year 18134, Professor Wheatstone, a phy.sieist of 
great eminence, was engaged in reseandu's on the veloi-ity 
of electric waves in solid conductors, and these ex|n'riments 
appear to have first directed hia attention to the Kiil.j. i t of 
electric telegraphy, in tho dovolopmont of winch lie played 
an important part Very shortly after Wheatstonn turned 
his attention to tho subject of telegraphy, he assnemti-.i with 
himself a Mr. Cooke, who had already Isu-n eiig.-tgi d in 
the construction of telegraph lines for railway purp'ifC!!. 
Henceforth tho two inventors worked together, and ih<Mr 
labors are of special interest and iniportnnee, jmt only on 
account of the actual improvementH whioli they elli-eted, 
but because they were tho first to estabUsh tho Ld. graph 
for practical purposes on a comparatively largo wale, thus 
bringing it into much closer touch with tho pttldui than 
while it was confined to laboratory cxperinionia, or t<» effeot' 
ing scientific communications on a small sealo, aii in ihii oww 



THE STORY OF THE TELEGRAPH 


119 


of Grauss and Weber’s telegraph perfected by SteinheiL 
The first joint invention of Wheatstone and Cooke consisted 
of a telegraph with five indicators and as many line wires. 
Its details were very carefully worked out, but practically 
it was inferior to that of Steinheil, and though it had a fair 
trial on the Great Western, and on the London and Birming- 
ham [Railways, it had to be given up on account of its heavy 
expense, due to the large number of line wires employed, 
Wheatstone was the first to contrive a really practical 



alarm, for calling the attention of the observer at the receiv- 
ing station. The arrangement of this instrument is shown 
in Fig. 21. It consisted of a clockwork alarm, previously 
wound up, and prevented from running down by means of 
a toothed wheel n resting against a lever the lower end 
V of which was made of soft iron, and formed the armature 
of the electro-magnet U, When a current was sent through 
the coil IT the armature V was attracted, releasing the 
wheel and allowing the bell of the alarm to ring. The 

electro-magnet was placed in circuit with the line in the 
SoiENOB— Y ol. xin — 6 
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manner indicated in the diagram, wlicro 1 and 2 are 
the direct and return wires of the lino, K in a battery, 
and s is a key consisting of two metal springs «, h, separated 
by a strip of ivory, the lower one b being mounted on a 
block of wood. The circuit was completed, and the alarm 
set in motion, by depressing the spring « so ns to bring 
it in contact with h. 'Wheatstone, like Davy, experienced 
the difficulty of the weakening of the current by tlics resi.stanco 
of the line and apparatus, and by leakage, duo to inip<^rfe<;t 
insulation, and he remedied it in a similar manncT by means 
of a relay which introduced a local battery into the circuit 

A nother inventor whose name is now well known in te- 
legraphy was Morse, an American artist, who is said to have 
first conceived the idea of an oloctro-chcmie,al telegraph in 
the year 1832 while on ms homeward voyage from I'lnropu. 
He received considerable assistance in his first attempts in 
this direction, and also in liis subsequent oxporiimmta, from 
a fellow-passenger— Dr. Jack.son, of Boston— who liatl a con- 
siderable acquaintance with electricity and chemistry, and 
who had seen a good many experiments in telegraphy carried 
out in Paris. In the first apparatus constructed by Mone, 
tbe signals were recorded by passing the current, by meaiui 
of platinum contact points, through jjapor moistened with 
acetate or carbonate of load; or imprognatesd with turimuic, 
and moistened with a solution of sulphate of soda. 

The subject of oloctrio tclogra]>hy hail hj thm time 
attracted the attention of numerous scientillo and pruetioal 
men, but space will not allow of my diseussing in detail 
their various contributions to the subject; I will therefore 
conclude the story of the telegraph at tliis point, reserving 
for the next chapter the description of the more important 
telegraphic apparatus now in use. 
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OnAPTEE X 

OVKBLANI) TKI,aOltAPH« 

W IIKATHTONK AND OOOKK'B BINODK'NKRDL* TKI-K- 
tiUAi’ii. — III this iuMtrunu'iit tlio kittom of tho 
alpliabot nro inilicaUul !ty juntioJiiH to right, or 
loft; of a HuuiII puiutisr or iiccdlo oiquililo of moving a uliort, 
diMtanco hutwecn two IIximI Htojm. T!ii> poiatiT, with itadial 
luul tho BigtiH corresponding 
to oaoh letter, ia nhowa in 
Fig. 22 ; tho two atopa aw» 
shown in tho diagram on 
either side of tho upper por- 
tion of the needle. In tho 
fir«t instrument made by 
Wlu'atstono and Coobo fiv© 
noodk'H or poinUsrsi wero em* 
ployed, whioh wero afterwnrdi 
reduood to two, and finally to 

one. A ftjw ilonble-iioeill© inatrumente are still in 
on Homo of our railways, bat they nro rapi<!!y Iwfng 
plaood by Mingle- need lo iiiHtnimontH, which «ro mueli n 
oonvenient. 

Tit© ooiMtruotion of tho ainglo-neodl© iuiitramwit ii 
•Irows in tho aooompanying dUagramii. 7 tf. •hows 
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a front view of tlio instrument with th(^ cover and dial 
removed. Fig. 24 shows a side view of tlui interior, and 
Fig. 26 shows a horizontal section of tho counuutiiLoi-, or 


sending arrangement Oorresponding parts are imhoatod 
by the same letters in all tho throe (liagranw. 

The upper portion of the apparatus markuil A in Fi 
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28, is the receiver. It is formed of two ivory I ' I S* ; 
wound with flue, silk-covered wire, and plaeod on 
Bides of a Brnall magnetic needle attached to the of 

the dial, and free to move within the ladddni* lo the ri«lit 
or left until arrcHte<l hy tiie 8t<*pM; orus <nnj of rmdi 
ia connected to the line, iiimI tiio olhcr !<• the l arth. 

The aignulH urn given by {taaaiiig a ctirr»'nl llmnigh i!j«^ 
coila hy meariH of a hattory at the aemling wtaiion, or from 
a local battery, tho cireuit of whioli ta eltnied by a relay 
actuated front the sentiing station. 

Tho wini from tins copper pt»lo of the lwtU?ry is attiieht d 
to tho binding wnew (1, and that from lh«» tu*gali\«* or rine 
pole to the binding Hcrew Z; the Idndtug st'nnvn A and It 
are oontUHdcd with the line and with the earlli r< *j ri Uv< !y. 
The axle 1)K of the l■l)lllllllll.'»^or is made in two p«rt.;! 1> .iis l 

P, of gun-nietiil, separated hy souin insulaling 
boxwood being the one most generally employed. It js eoii- 
nootod hy a wire to 0, ami IH* to Z. 

A steel spring /» is emmeeted hy means of a bras* bar, h, 
thmiijdi tlie eiiils and th<'. rec-iviT, f>i the !< rndii i! .\ , .. ! 

n second steel S] '1*111?; // i;< eninn-.'ted hy ini.wesi'i ih. hiii-.t 
har h' with tho terminal 11 . 

When the needle is in its m*nnnl or %rrts« a! j .iRst. a 
these tvvos|>rtngs rest againsl a projeelmg pm sIkhvi, ji. U.o 
diagram, a»td therehy mainbun the eonuasiHy ««1 tl,. h«,.- 
l^rom tho upper side of the gutemelal !•*, an ! fj i •>« 
lower side of the gtiiftnetal ll, propwl iw.. n . 
m, m\ When the haiulte i« in ils moral | . 'l U.?;, o „ 
pin «t reinuimi helween the spring p and wiihc i*. Ij. 
ing either; am! the pin in’ similarly remjiimt )■. tsurn jl?.- 
brass har.s b and //, without bmehing them. 

When tim handle ia moved to Utu left, ilw }dti m' v*4t .r , 
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in contact with the lams bai* ujhI is 
through the spring with tlio toriniiKil Aj ini', tlie 

positive pole of tho battery to tlio line-win*; at the B^une 
time the pin m is made to presH against tho sprin*^ /h, and 
therefore connects it, through the brass bar h\ with the 
terminal B, connecting the negative pidt* of tlio batfory to 
the earth; and a current is tluandon^ sent mum! tln' lims 
wire in a certain direction and d(‘llccts lln* noodltB If the 
handle is turned to tlie right, m' contes in cuntac’i with 
and connects the positive polo of tho battery to earth wbih^ 

m is |.^l■^‘;'ioll ayasnat 
p, and onsnirof-i f|i<^ 
iicgativo {'»»!«• with 
thi* lint*; bhai a 
eurrmt wi!i bo 
round t!io bno lu t!,n 
din'otiun oppordi*' «•[ 
tln' fuianor on*-, aiof 
tho n o o d 1 V \\ i l! bii 
again ihihaOod. 1 1" fho 
first onrrnii do!i««.ir«l 
it to the right it will now timi to tlu! h fi, uti.l v,'..- 

In the needle-instrument tlio Higiuils urn .HfM .Tiu .i |.y 
means of the eye. Aiuliblo Hignals iiro imw mtv 1:u>'i iv 
used ill place of visual ones, an instruiiuuit fulird a 
being most generally used; hut a pair of Ik IIs, pivioK two 
distinct tones, are somotimoB omploywl. 

The iSounder — Tho Bounder in genera! use m tliis euuu. 
try is shown in Fig. 26. E is an electro., ..apnet furme.l 
of an upright rod of soft iron surroundoil hy a cdil of sil!.- 
covered wire, with an outer covering of India-rnhlmr, or 
some other substance, to protect it from injury. Tim muk 
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of this coil are connected through a pair of ttsrininak 
attached to a wooden base — one only of which is sliown 
in the diagram — to tho lino-wire and to tho earth rwsfwc- 
tivoly. The armature of tho electro-magnet eotmista t>f a 
bar of soft iron movable alumt a horixcmtal axis ItelwtH'ii 
two stops, a and Ik 

Wiicn the circuit is open tim armature is prcasinl up 
against tlie stops by luentiH of the spring «, tlie tension of 
which may bo vuritni at pleasure, aeeoriling to the strength 
of tho current in the line-wire, by means of the julju.4iiig 
screw sliown in the diagram. When the eircuil is ciowed, 
by moans of a key nt tho transmitting station, a furrent is 
sent through tlie c.iil of tin* clcctro-magnet, wliich maenc 
tines it as h>iig as tiic current is passing, and ihcr<'f>iif pii!I i 
down tlu! armature against the stop /». 'i’lic Mound-i nre 
made by tho aruiuturo striking against the stops; ami ihc 
letters of tho alphabet are denoted by various eombina- 
tions of long and short signals rtwipeetively, known as tlots 
and dashes, separated by intervals of silence, or spaces. 
Tho dots are formed by giving a sharp stroke to the k«-v ; 
the da.slieH, by depres.ning it more shuvlv. 

It is evident that considerable praeliee would be reijiured 
before an operator would be able Ur iranstiiil or to r< iid oif 
signals of tiiis kind satisfactorily, but praetieed ujairalois 
arc able to transmit ami receive message by means of lids 
instrument with extraoniinary rapitiity. 

In the system of signals employed, a dash is eonadti cd 
to lie t!«iual to throe dots, and there nn» three kinds of sjmxu^ 
©mpbyetl- viv,., a space iH|uaI to ono dot tsHwiam ili» dijlur- 
ent eloments of a letter, a Hjiaee erpial to threo dots Iwlwooii 
^8 difforont letters of a wt*rt!, and a space is|itat t<* si a dots 
betwaon two words. Tho lottow K and T, being lliimo 
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mostly used, are represented by a single dot, and a sni;do 
dash respectively, and the other letters, numeralH, amd stops 
are formed of combinations of these. 

- The key employed in sending the message is shown in 
its simplest form in Fig. 27. It consists of av braiss h-va^r 
K in permanent connection with tho lijm-wins aim! nioviihlo 
about a horizontal brass axle fixed upon am insuhitinK mp- 
port of wood or ebonite. It is niiiintaimnl in its mnmml 
position, viz., in contact with tho stop 8, by iiu'ams of a 



spring, not shown in the figure, an<! %hm t!i« liiiii* 

wire in connection with tlio earth. 

When the key is depresBod 2 is hroughi with 

1, and the enrrent from tho battery, slniwu in thn dini/riiiii 
by the ordinary conventional sign, consisting cif n of 

long thin lines and short thick ones parallel lo caoli oiln^r, 
is sent through the line. 

It is evident that the duration of the oiirrent will df!|irfitl 
upon the length of contact, and, to use an illuitoation duo 
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to Mr. Preeoe, dots or dashes can be sent by strikiiij,' tlui 
key exactly as one would the keys of a piano ifi onb^r in 
produce crotchets or quavers respectively. Anothisr furni 
of sounder, which is extensively used in America on rail- 
ways, and in other places where externn! miis**!* are !in!i!»» 


to intt)rf«ire with the sound of the instriimeui, i# shows is 
Fig. 2H. This ii.stniiiieiit hrm » very hen w armaHirw lerwr, 
and thed.iwnward stroke ..f the unmnur.- take. ciW't 
an arc or bridge, its shown in the dhiHir»tio», tha* «ni*id»r. 
ably inoroaaing the volume of the mtuml. 
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When tlie line is of any great lengtli, the imperfect insu- 
lation will make the current too weak to work a sounder 
without the use of a relay, the principle of which was de- 
scribed in the last chapter. 

In its present form it consists simply of a more delicate 
form of electro-magnet than the one employed in a sounder. 
It is wound with a very large number of turns of fine wire, 
so as to enable the weak current to produce as great a mag- 
netizing effect as possible upon the core, and its parts are 
very delicately constructed, so that a very small force is 
sufficient to move it In the simplest forms of relay the 
armature is of soft iron, just like that of the electro-magnet 
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of the Morse sounder: these instruments are called non- 
polarized relays to distinguish them from polarized relays, 
in which the armatures are either permanent magnets, op 
are maintained in a magnetized condition by means of 
permanent magnets fixed in their immediate neighborhood. 
Polanzed relays are affected by the direction of the current, 
and they can he made much more sensitive than the non- 
polarized ones. For this reason the latter instruments are 
very seldom used in this country. 

The Morse is an instrument of an 

entirely different type from the needle tel^ph and the 



DVKRLAm TKJ.K(fUAmH 


sounder, in that it gives a pwrmaneut. reiford lh«* »i.< ■ ' 

sent, A general view of one of these iMsfriuin nte ( h. • 
in Fig. 29 , ami the oleotrical |»<»rlioii of the *»>>!« i 

shown diagrammutioally in Fig. JMf. 

Itl is aJi eleotro-nini'iii^t, of tiuf sjuiie elun ai t< j <>:* th.d * *,( 
plojed in tluj sonniler, iiml in wnrhe'l in a aumhu m o,*,. r 
by moaiiH of u key from the Irammulting stiitj<in. S'* »<* n / 
iron anmituro ntlaelied to the hn'«’r /, inuvnble iil ont a l,..i i 
Siontal axis, us sliown in the ilnigriun. When ij«* . u 
is passing through the appit rains, the lever/ is k« |4 3 ■ ! m 1 
against tho stop 2, by tueatiN of the spring H, iho lenmon •« 



rt» !» 

wliieh eiin be ri'gnluted liy the m rew t'. 'I’l)*’ ; » s « 

tremity of tlie lever eafj-j,,,, ^ ptnal! diek mot able - k| 

a ImrnsontHl a^is, am! dipping ii*i«( n reservtnr of ssil I ' < 
paper Is earriin! through the apparaius ly i40%o,i, . 

nary eloekwork nrrangeiiieiit, in ll.r *bn-< i ..r «,K,. , , 

29, nml this ehwkwork alst.* kei^pi* lie- .‘.-i; j ,t. , ■, 

and thus insiii’i-a iin being kepi tfc'iO'4 will, ml 

When a nirrenl is aenl thi>-«,*l tL»- aj 3 i 

line, the armature F i« nitrii«-m. I ihr 14.. • ,) 

ttiitU tho lever / suikes iigMinsl Um slop g, r«ui.4i.g tf «> 
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I to come in contact with the papt^r and a clot iir a 

dash, according to the time during whirli ilw tniiiHiuiiting 
key is depressed The play of the lever/riui ]m ii.ljiLstotl 
by means of the screws A and iJ, ami the acu-mv Ci aervrH to 
adjust the position of the inking disk 1, while tln^ iiltraative 
force between the armature and the eliH'tro-uuignot K vmx 

be varii*i! nuHing or 

lowc’iiiig tlii! coils by 
means of the acUTw Ih 
11 A li 0 

InBirum^-nL^ -T li i a in* 
Btnimcni in a very gootl 
type of a CiUL-dlcruhlo 
munhc’r of trlcgrapli in- 
itruiiicnt.-f, in whirh i!io 
gignats art^ rccurilt'd l>j 
mcaiiH of a pointer mov- 
ing round H dial tui 
wliicli the Irttrrs of the 
alphabet arc m a r k d. 
Siemen s, ! I reg not, lu i d 
others have iriv^'iifi^d 
instriummiH of ii ainuhtr 
character, but \V lioai- 
itone^a i« ibc form u and- 

ly employed in KuKkiioL 

An ABO telegraph is very Biutable for imii mi pnvalo 
wires, where great rapidity is not recptisiic, iw ii can bo 
worked by any person of ordinary iritAdligericts wlilioui 
previous practice. Pig. 81 gives a generml view of th© 
instrument. 

When the handle shown in front k & mAi irun 
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armatui^ is made to spin in front of a pair of coils surround- 
mg tke poles of a iorseslioe magnet, thereby generating at 
each revolution four currents in alternate directions through 
the coils, and by means of suitable mechanism each current 
is made to move the pointer through one space. In order to 
indicate any letter, the key opposite to the required letter 
on the lower dial is depressed, and the handle turned until 
the pointer p comes opposite to that letter. 

When this takes place p is prevented from turning fur- 
ther, and at the same time the currents, instead of going 
into the line- wire, are cut off, so that p, and the pointer 
p' on the indicating dial at the receiving station, remain 
pointing to the same letter. 

Hugheses Tyjpe- Printing Telegra^ph , — A good many instru- 
ments, some of exceeding ingenuity, have been devised, in 
which the message is directly printed off in ordinary type, 
just as if it had been done by means of one of the type- 
writers now in general use. The only one of these that 
has been employed to any considerable extent in Europe 
is that of Hughes, a general view of which is shown in 
Eig. 32. The instruments at the transmitting and receiv- 
ing stations are exactly similar, and are made to move in 
perfect synchronism; and each letter is registered by means 
of a single current of short duration, which at the right 
moment brings a strip of paper, carried underneath the 
type-wheel, in contact with the wheel a, at the edge of 
which are placed the letters of the alphabet, so that the 
required letter is printed upon the strip as the type-wheel 
is made to revolve by means of suitable mechanism. The 
messages are sent by depressing a series of keys marked 
with the different letters and numerals, as shown in the 
illustration. 
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Wien a key is depressed it raises a pin, and tins pin 
catcies tie chariot A, which rotates the tjpci-whool, utul 
sends a current to the distant station, causing tlu; paper at 
both stations to be pressed up against the tyi)C- wheel at tho 
same moment. 

The Wheatstone Automatic Tehgrajih . — Witli the instru- 
ments previously described tho signals have to he trans- 
mitted directly through the lino by means of an instrument 
worked by hand, and tho greatest speed attainable doi's not 
exceed thirty or thirty-five words per minute. In addition 
to this, an operator working for some hours at his ma.Kimum 
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speed will naturally become tired, and therefore not only 
will tho speed at which ho can work bo gradually reilue.ed, 
but errors are very likely to bo nuulo. Now Morse signals 
can be sent along a lino and recorded by an ink-writer at 
a very much greater rate than any dork can setul by hntul; 
hence many attempts have boon made to devtse smne meuns 
of transmitting messages automatically, and tho system most 
generally employed in England is that invented by Wheat- 
stone. 
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Wheatstone’s automatic telegraph consists of three dis- 
tinct parts — viz., a perforator, which prepares the message 
by punching lioles in a paper ribbon; a transmitter, which 
sends the message from the line by means of automatic 
machinery, controlled by the punched paper which is passed 
through it; and a receiver, which records the message. The 
general appearance of the perforator is shown in Fig. 88. 

It will bo seen that there are three keys in the front 
portion of the apparatus, and each time that, one of these 
keys is struck it actuates a mechanism which causes a j)aper 
ribbon to move forward through a definite space, and at the 
same time actuates one or more of a series of five punches, 
shown at 1, 2, 8, 4, 6, in Fig. 84. When the left-hand key 



Vta.H. 


is struck it causes the punches 1, 2, and 8 to perforate the 
paper, punching out three clean round holes in a vertical 
line; the centre key actuates the punch 2 only, making a 
single hole, while the right-hand key depresses the four 
punohcB 1, 2, 4, and 6. The punches are usually struck 
with small wooden mallets held in the bands. The series of 
holes made by the left-hand key corresponds to a dot, the 
single hole made by the centre key to a space, and the set 
of four holes made by the right-hand key u> a dash. The 
holes made by the centre key are in the oentre of the ribbon, 
as shown in Fig. 84, and they are smaller than the upper 
and lower holes. 

A small toothed star- wheel, which turns through a deft- 



134 


ELECTRICITY IN MODERN LIFE 


nite space when a key is depressed, fits into tlieso liolcs, 
and moves the paper a step onward at each doprcssion. 
It will be seen that for each dash two central holes are 
punched, so that the paper will move twice as far for a dash 
as for a dot. Fig. 85 shows a strip of paper tluis projiared 
to indicate the word “Paris,” by means of dots an<I dashes, 
as shown on the lower part of the strip in the diagram. 

The transmitter is a very complicated piece of apparatus, 
which is made to send a series of currents in opposite direc- 
tions into the line under the control of the punched papt*r. 
The strip of paper is carried through the instnunent by 
means of the star-wheel working into the central r<tw of 
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holes, and two vertical rods are pressed upward ugaiiuHt the 
ribbon by means of springs, and are placed in such positioim 
that they will enter the two outside series of lioles as they 
pass above them. The rods work a disk which acts m a coin- 
mutator, each entry of the rod into a hole on one siilc of the 
ribbon sending a current through the line in oiu^ direction, 
and each entry of the rod into a hole on the other side of 
the ribbon sending a current in the reverse direction. The 
punching which corresponds to a dash reverses the current 
after an interval twice as long as when the holes punched 
correspond to a dot. If there were no paper in the tnilru- 
ment the rods would move up and down alternately. 
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When one of the rods has entered a hole, as the in- 
atrument continnes to move it is drawn out, and the paper 
moved on either through one or two spaces, according to 
whether a dot or a dash is to he sent when the other rod 
next enters a hole. 

This transmitter will work at a speed of 460 words a 
minute on a short line, hut more slowly over a long line, 
owing to the wire heooming charged very much like a Ley- 
den jar. The amount of this clectro-statio charge depends 
on the length and surface of the wire and its distance from 
the ('arth, as well as on the nature of the insulating material, 
whether simply air, or p.artly India-ruhher or gutta-percha, 
which HopuratcM it from the earth. The result of a portion 
of the current heing ahsorhed in producing this electro- 
static charge is that a momentary current, such as would 
ho produced by simply touching the key and raising the 
Unger immediately, would produce little or no effoct at 
the further end of a long telegraph lino, and therefore 
the instrument has to 1)0 worked more slowly as the line 
incroascs in length. 

The n'coivt'r ('luployed with the automatic transmitter is 
simply a Morse ink-writtir of a Jtiore delicate and sensitive 
character tliaii the one alnuidy desisrihod. With a Wheat- 
stone automatic instrument a ninnher of clerks can 1)0 em- 
ployed to punoh strips corresponding to the messages, and 
those can bo run rapidly one after the other through the 
transmitter, thus greatly reducing the number of lines 
neee.sHJuy lietween two places whore the trafiio is heavy. 

Another way in which the capacity of a line can be 
increased consists in employing an arrangement by nsMtsf 
of which two or more sots of messages can be eont dxniilta- 
neously in opposite direotioas aloi^ the mm wire without 
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interfering with each other. The arrangement adopted for 
sending two messages simultaneously is called duplexing 
the line, and it will be of interest to describe briefly one 
among the various methods by which this is effected. 

Duplex Telegraphy . — Let two stations, A and B, bo con- 
nected together, as shown in Fig. 86, in which P, P' rep- 
resent receiving instruments, or relays working receiving 
instruments, and K, K' are the transmitting keys at the two 
stations. It will be seen that the lino is carried from the 
earth, E, through an adjustable resistance, B, along the path, 
c, ct, C, G', b, c', to a second adjustublo ro8i8tanc(», R', con- 
nected with the earth at E'. The ’.eaiatancoB R and R' are 
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made equal to that of the line at the time of working, 
a G and a c are two fixed resistances equal to each other, 
as also are b C and b c'. 

The line is earth connected at a and 5, by moans of tho 
keys K and K', either directly, or through tho correspond- 
ing battery, according as tho key is in its normal position, 
or is depressed. When tho key K is depressed, a current 
is sent from the battery through tho point a where the line 
divides, part going along the line a 0 O' b o\ and to earth 
at E', while the other part goes to earth at E by tho path 
a c E. Since the resistance of o (7 is equal to that of o c, 
the electro-motive force produced at a, by means of the 
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battery, will produce the same potential at the points C and 
e, and therefore no current will flow along the path C P c, 
so that the instruments at P will not be affected by any 
motions of the key K, which, however, will affect the instru- 
ments at P'. In the same way the current sent from B, by 
moans of the key K', will affect the instruments at P, but 
will liavo no effect upon those at P'. 

Not very long after Duplex Telegraphy was first intro- 
duced by Gintl, of Vienna, it was extended by Edison so 
as to enable two sets of signals to be sent simultaneously 
in opposite directions, forming what is known as “Quadru- 
plex Tologru{)hy.” 

This was still further developed by Delany into the sys- 
tem of “Multiplex Telegraphy,” by which throe or more 
sets of messages can be sent at the same time in opposite 
directions along a single wire. 

T%e Writing Telegraph . — I must not conclude the descrip- 
tion of modern telegraphic apparatus without mentioning a 
very interesting telegraphic instrument of recent invention — 
viz., the Writing Telegraph of Mr. J. II. Robertson. By 
means of this instrument a message written by an operator 
at the sending station on a slip of paper, carried along at a 
uniform rate by moans of clockwork, is reproduced in fac- 
simile at the receiving station. This was not the first writ- 
ing telegraph, as one of a somewhat similar character was 
invented by Mr. B. A. Cowpor; but Oowper’s was not a 


on the contrary, can bo, and is actually, employed for pwio- 
ticul purposes in America, though hitherto the post-ofiSoe 
monopoly has prevented its use in this country. It requims 
two circuits for each pair of instruments, or the ^oivalent 
of two circuits — via., a single circuit duplexed. 
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The transmitter of the writing telegraph, shown in Pig. 
87, consists of two piles of disks of exceedingly fine com- 
pressed carbon, placed with their axis at right angles, and 
each pile is provided with a screw for regulating the press- 
ure between the disks. The two piles form portions of the 
two circuits required to connect the transmitting w'ith the 
receiving station, one pile being contained in each circuit. 

The transmitting pen consists of a rod, shown in tho 
diagram, which is pivoted at its lower end between tho two 
piles, and is provided with pressure 
points, which exert a varying pressure 
upon one end of each pile of disks 
when the rod is moved about in any 
manner. The motions of this rod are 
effected by means of the stylus pivoted 
to its upper extremity. 

When the instrument is put to- 
gether ready for use, tho rod passes 
through a small square hole in tho 
top of the case, and the operator writes 
by moving this stylus just as he would 
a pen. 

As the pressure points of the trans- 
mitting-rod press more strongly against 
either pile of carbon disks, the contact 
between the separate disks in that pile 
is improved, and therefore tho eleotri- Kw ter 

cal resistance of tho corresponding circuit is diminished, 
and the current in it therefore increased. 

The receiving apparatus consists of a pair of eleotro 
magnets arranged at right angles to each other, m shown 
in JB'ig. 38. The armatures of these magnets are attached to 
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a rod, pivoted at its lower extremity between the adjacent 
polos of the electro- magnets, as shown in the diagram. The 
pen of the receiver is similar in principle to the well-known 
stylographio pen, and is attached, as shown, to the upper 
extremity of the armature rod. The coils of one of the 
cleetro-magncts of the receiver form a portion of the circuit 
containing one of the sets of carbon disks, while the coils of 
tlio second oleotro-magnot are included in the circuit con- 
taining the other pile of disks. As the transmitting stylus 
is moved, the resulting continuous variation in the strength 
of the currents in the two 
circuits causes a correspond- 
ing continuous variation in 
the attraction exerted by 
the two clootro-magncts re- 
spectively upon their com- 
mon armature, and in this 
manner the rod carrying 
the pen is made to move 
in a path exactly similar to 
that of the transmitting rod. 

in the original form of 
the instrument the pen by 
which the message was 
written at the transmitting stQ.88. 

station was rigidly attaohed to the transmitting stylus, 
blit this pen was afterward done away with. 

As the operator at the transmitting station moves his 
stylus, his own pen, in cireuit with the lino, travels over 
the paper rihhon of his own instrument, moved forward at 
a uniform rate by clockwork, in obedience to the motions 
of the stylus, thus enabling him to see what he is writing, 
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struts, tlie lower portions of which are buried in the ground 
at some distance from the base, while the ui)pcr ends are 
attached to the poles. 

In this country the wires are generally insulated by being 
fixed to porcelain cups attached to the poles. The cups are 
made of such a form as to expose the upper portions freely 
to the cleansing action of the rain, while the lower portions 
are shielded from the rain so as to keep thorn fairly dry, 
and preserve the insulation as much as possible during 
wet weather. The wires are attached to the iiiHulators by 
being wound round them and firmly soldered togtitlier, 
so that if a breakage takes place at any point, the wire 
between the neighboring polos will not Ins draggtul from its 
supports, but the broken ends will simply fall where the 
breakage takes place. 

In places where there is danger of trees falling on 
the wires, as, for example, in some parts of Amorica, insu- 
lators consisting of glass blocks with slits cut in thorn aro 
largely employed, the wire being simply passotl through 
the slits, leaving a good deal of slack; and if a tree tiien 
falls across the line, it usually hears the wire down with it, 
taking up the slack from the neighboring polos, but net 
breaking it, and it will therefore generally stick in tlio 
branches without being brought down to the groutid, m that 
the circuit will not bo entirely interrupted. 

When telegraph wires have to ho taken through towns 
they are usually, when only few in number, carried over 
the tops of the houses, to which they aro attached by means 
of porcelain insulators fixed to iron supporta If, howe.vcr, 
the wires are numerous, they are generally carried under- 
ground, a number of wires being drawn together into Iron 
or earthenware pipes, provided with what are called flush 
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boxes, at intervals of every one linndred yards when tbe 
lino is fairly straight, or at more frequent intervals if 
it winds to any considerable extent. These flush boxes 
are provided with closely- fitting covers, to prevent, as far 
as possible, the entrance of moisture. The post-olfice tele- 
graph wires in London are almost invariably laid in this 
manner, the pipes employed being of cast-iron, usually four 
inches in diameter, except whore only a few wires are likely 
to bo required, when smaller pipes are used. A four- inch 
pipe will take as many as one hundred and twenty-eight 
wires of tl\o kind employed in the post-office telegraph 
system. Each wire has, of course, to bo insulated by means 
of a covering, which is usually of gutto-pcrcha or India- 
rubber. Overland telegraph wires in tropical countries, 
Bvush, for e,xami)Ic, as Australia and India, arc usually 
carried upon iron posts, as the wooden ones would soon he 
destroyoil by the attacks of the white ants or other insects, 
unlejss protected by creosote or some similar preservative 
process, which, however, in this case would involve much 
heavier expenso tluin the omployiuent of iron posts. 

The use of iron posts in countries where transport is diffi- 
cult has the additional advantage that they arc very much 
lighttw than woo<leii ones, and also that they can bo made 
in Beeti«)tiH and put togothor at the place whore they are 
to be creotod. 

A very oonvonicut form of iron post, extensively em- 
ployed in Australia, was designed by Opponheimer of Man- 
tdiester. Its base consists of a sort of invcrtctl pyramid with 
moderately sharp cutting edges, and it is driven into the 
ground by the blows of a descending wedght which i^idos 
on the pole, and by means of a tripod arrangement is drawn 

up to a moderate height and then allowed to fall upon the 
Bwsses—Voi.. Xni— 1 
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base until the upper or flat portion of the base is level with 
the ground. 

In selecting the wire for a telegraph lino, the chief con- 
siderations by which the choice must bo determined are- 
low electrical resistance and durability, and also, when the 
wires are suspended on poles, mechanical strength. 

The first two conditions are best fulfilled by copper, but 
until recently it has been difficult to got copper wire with 
much mechanical strength, except at a very high coat, and 
for this reason iron wires are almost univoraally employed 
upon lines carried on poles, copper being used for under- 
ground lines. Copper wire is now, however, being produced 
which has a tensile strength almost equal to that of stool, 
and a very low electrical resistance, and that at a cost c.on- 
siderably leas than used formerly to bo paid for ordinary 
commercial copper wire. It is therefore very possible that 
copper wires may come into general use in the near future, 
for, in addition to the electrical roaistanoo of copper being 
much lower than that of iron, it will stand exposure to the 
weather for a very much longer time. 

Faults . — Preece and Sivowright, in their work on the 
telegraph, from which, by the kind permission of the au- 
thors and publishers, most of the illustrations of the present 
chapter have been taken, classify faults occurring upon 
telegraph lines under throe heads — viz., discoiuu‘<-lions, 
earths, and contacts; which they then subdiviiic into total, 
partial, and intermittent. A total distioniuiction may ho 
caused by a tree falling across the wire and breaking it, or 
by the wire being broken by the weight of the snow which 
accumulates upon it in a snowstorm; while partial tliseon- 
nection may be produced by means of badly-mado joints 
or bad earth, connections, or by some of the joints of tho 
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instruments not being kept properly clean. Total discon- 
nection is of course indicated by the absence of current 
in the line when the battery is put on, and a partial dis- 
connection is shown by the strength of the current falling 
below its proper value. Earths are indicated by an increase 
in the strength of a current at the transmitting station, and 
its decrenso or entire cessation at the other end. A com- 
plete, or, as it is called, a dmd earth, is caused by a wire 
resting on damp earth, or coming into contact with a wire or 
other object connected with the earth. Partial earths are 
caused liy dofe.cts in the insulators, or by the wire coming 
into contact with imperfect conductors, such as walls, posts, 
or trees, in connection with the earth. 

Contacts arc caused by one wire tonehing another, or by 
two wires being partially connected, either by meaim of an 
imperfect conductor falling across tbo wires, or by defects 
in the insulators allowing the current in one wire to leak 
into another. When a numl>er of wires are carried on the 
same poles, a groat deal of trouble would bo caused by this 
cross leakage if sjjcseial preca\itions wm-e not taken to pre- 
vent it, and this would bo eHj)ecially noticeable in wet 
weather, when the deposition of moisture on tlio insulatoni 
greatly diminishes their insulating power. The effect of 
this cross leakage would l>o that tbo messages sent along 
one wire would be transmitted to stations on other lines, 
and interfere with tlie messages travelling along them. 

In onler to obviate this inoonvetiienoe, the base of each 
of the insulators is connected, by means of a short wire, to 
an earth wire c-arried down the polo into the ground; and 
ns thi.H path oflers a much smaller resistance than that from 
one wire to another, whatever leakage ocours will all go 
to earth, and the cfloot of this leakaj^ osua he remedied 
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by increasing the battery power at the seiuling station. 
These earth wires also act as lightning conductors, and it 
is a matter of great importance that efficient moans should 
be provided for the lightning to escape to earth when it 
strikes a post, instead of travelling along the win^s, when 
it would destroy the instruments, and possibly sonu* of the 
operators as well. 

In addition to these earth wires attached to tlio poles, t!io 
instruments themselves are protccteil by means of special 
lightning protectors. 

The lightning protectors employed on the post-olliee 
lines, and which are found to bo extremely effieitmt, (!on- 
sist of two flat brass plates, with their opposite surfatum 
carefully tinned to prevent oxidation, and kept at a anmll 
distance apart by means of thin paraffinetl |>aper or miea. 

One of these plates is connected to the lino and tho other 
to the earth, and it is found that when a lightning dis(diargo 
strikes the wire, it will jump aesross the small distamai 
and go to earth, in preforenco to going round tho circuit. 
Intermittent faults are often caused by the uotion of tho 
wind blowing the lines against different bodies, or by bodies 
being brought into contact with them at intervals, owing to 
expansion and contraction by heat. 

In order to enable faults to bo localisjod and romodital 
with despatch, the wires on overhead limw are (uirri<*d at 
intervals into testing boxes, and if a futilt is found, ttists 
are applied at these in succession until tho fault is shown 
to occur between two adjacent ones. In the underground 
lines tho flush boxes serve tho same purpose. When the 
fault is thus localized the section in which it occurs is (uit 
out, the exact position of the fskilt ascertainod, and the wire 
repaired If the section forms part of a busy circuit, fr<»m 
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which, a wire cannot easily be spared, a section is usually 
cut out from a less busy circuit and introduced into the 
former one until the repair has been effected 

In a properly organizjed system no serious interruption 
will take place, utiIobs in consequence of an extensive series 
of breakdowns, such as Bomctiines occurs during an excep- 
tionally heavy snowsLonn, for the borrowed wire will always 
be taken from a circuit which, in addition to not having 
any very heavy trairic at the time, also poBBesses an alterna^ 
tive route* 

The overland telegraph system, like most other impor- 
tant undertukingH in this country, was inaugurated and 
developed by private enterprise, hut in the year 1870 it was 
purcliaBcd by the Gcwernmcnt atid placed under the direct 
control of the PostmaHter-Oenend. One of the most cher- 
ished privilegcB of an Kriglishman is his right of grumbling 
at tlie Government and every undertaking under its direc- 
tion; and in many cebcs there is very good reason for such 
grumbling, for the waste in many Oovermuent departmente 
is simply scunda'ous; and rt^d tape, moreover, has Ijceu one 
of the most forndduble obstaides io the succi^ssful develop- 
iHcut of nnuiy a valuable Bcientiho inventiom If, however^ 
the post-ofliee telegraph system ia to \m judged by its re- 
sults, aa Beems only fair, there will not, I tliink, l)e found 
iimeh »co|Hi for legitiumte faultdlnding. In the year 1870, 
whem it was bought by the Government at twemty years*' 
pundiasi!, the tale.graph system was bringing in an income 
of about Xr>50,CHH) a year, and this lias now inereaBed to over 
X2d'HH)5<KH) ainiually, the numl>er of luessiigeB triiiismitted 
luiving inc’j-taisiKl in the sanm time from 6,1^,000 to 

Mr. 'Preeee, from whoso most interesting address to the 
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British Association at Bath these figures arc taken, reinimls 
us in another portion of his address how easily uccichnital 
errors may creep into telegraph messages without any fault 
on the part of the operator. IIo tolls us, for I'xaiuple, that 
a lightning flash in America might cause an ('.Ktru dot in 
Europe, causing mine, to become wine; or an cartlujuake 
in Japan might cause the addition of a dash and turn life 
ivAo wife ; or again, a wild goose dying against a tolograpli 
wire might drive it into contact with another wire uinl turn 
sight into night. And yet ho says, ns a matter of fact, in 
ninety-nine cases out of a Imndroil the holograph operator 
delivers to the editor of a ncwspaiuir copy which is far 
more accurate than the first proofs submitted by the prinU'r 
of his own leader. As an example of the miormous strain 
which is sometimes thrown upon and successfully borne 
by the post-office officials, Mr. Prcccc tells us that on the 
occasion of the introduction of Mr. Gladstomfs Home Uule 
Bill, on the 8th of April, 1881), no l(\ss than words 

were sent from the Central Telegraph Office in hoiidon. 

If it were not for the telegraph it would be tpiite impos- 
sible to carry on the railway traffic of the country with its 
present combined celerity and safety. Most railways are 
now worked on the block system, according to whitdi 
the line is In-okon up into short sections, and only tine 
train is allowed on any section at the same time, the moment 
at which it enters upon any given section being signalled 
from one signal-box to the other, and no other train is 
allowed to enter until the signalman has telegraphed that 
the section is clear. At the more important junctions the 
system of electrical signals is supplemented Ity ingenious 
mechanical arrangements which make it imptwiible for 
the signalmen, through inadvertence, to make any com- 
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bination of signals which would lead to an accident; and, 
as Mr. Preece tells us in his address, “the signalman is able 
to survey the line all round and about him. By aid of his 
electrical signals ho can talk by telephone or telegraph to 
his neighbors, or his station-master; ho learns of the motion 
of the trains ho is marslialling by the different sounds of 
electric bolls; ho controls his outdoor signals by the deflec- 
tion of noodles, or the movements of miniature semaphores; 
ho learns the true working of his distant signals by their 
electrical repetition. Machinery governs and locks every 
motion ho makes, so that he cannot make a mistake.’’ 

The increase in tho safety of railway travelling is shown 
by tho figures given on tho saino occasion by Mr. Proeco, 
according to which, whihi in tho live, years ending with 1878 
thirty-live people on the average wore killed unnnully fi'om 
causes l)eyond tlioir own control — in tho five years ending 
with 1887 tho average had boon reduced to sixteen, which 
means that only one person is killed in 86,000,000 railway 
jouraoys. 
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OHAPTETi XI 

8UBMAHINK TKl.KO UAI'118 

T he first attempts, as far us is known, at acmiing the 
electric curi’cut tlirougk submergeil coiuiuetDrs wore 
made by Sommcring, who about tlm year IfeDd inuilo 
some experiments of the kind iu St Petersburg for tliu pur- 
pose of exploding gunpowder at a distauco; ami in 1H15 ho 
repeated his exporimotits in Paris, by means of a comiuctur 
laid upon tlio bottom of tho Seine. 

After the invention of his el(;ctro-(;bemical telegraph, 
described in Chapter IX., SO'mmoring proposed that Oron- 
stadt and St. Petersburg should bo joined by means of 
a submarine telegraph lino, but tho project wu.s nev*^r 
carried out. 

Eonalds also pointed out tho possibility <»f subnuuiim 
telegraph cables a few years later; but tho first experimeuiH 
in which tolcgraphio signals were actually transmitted under 
water appear to have boon made in 1889 by an Irishmau, 
Dr. O’Shaughnossy, who employed conduetors made of wire, 
covered over with pitch and tarred hemp, ami suceemlod 
without any difficulty in transmitting Bignals. 

In 1887 Wheatstone proposed laying a cable from Dover 
to Calais, to be worked by tho needle apparatus invented 
by Cooke and himself, and described m Chapter X., and 
in the following year a committee of the House of Commons 
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was appointed to inquire into the subject. Some pre- 
liminary experiments, however, which were made at the 
Observatory of Brussels were not altogether satisfactory, 
and the project was dropped. 

Wheatstone made some further experiments in Swansea 
Bay in 1844, and in the following year, when gutta-percha 
was lirst introduced into this country, ho at once perceived 
its value as an insulator for submarine telegraph wires. 

Morse also turned his attention to the subject, and made 
some experiments with an insulated submerged wire at New 
York in 1842, and in the following year ho submitted to the 
American Government a ])rojeot for establishing telegraphic 
comimiuioation between America and Europe. 

In 1846 Gornell laid down a cable twidve miles long in 
the Hudson River to establish communication between Fort 
Loo ami the city of New York. This cable was composed 
of two copper wires separately wound over with cotton, 
insulated by means of India-rubber, and inclosed together 
in a leaden tube. It was in use for some mouths, after 
which it was ent through by the ice. 

West, in the ytiar 18-lU, applied to the English and 
French Governments for permission to lay down a cable 
between Dover and Calais, and carried out some preliminary 
experiments in Portsmoutli Harbor in the presence or a large 
number of spectators. • 

In 1848 Armstrong made some further experiments of 
the same kind in the Hudson River, and suggested, in an 
article published in ono of the New York papers, that 
a similar cable should be lai<l across the Atlantic. 

Werner Siemens in the same year carried out some ex- 
periments on the explosion of torpedoes by means of sub- 
merged electric cables in Kiel Harbor; and Walker in 1849 
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constructed a cable, consisting of copper wire, covered with 
gutta-peroba, about two miles in length, and laid it out into 
the sea from Folkestone. This cable was connected witii 
the overland line from London, to Polkcstono, and miissages 
were sent by it between London and Mr. Walker’s yacht, 
two miles from the shore. 

In the meantime Brett, in 1847, had obbiincd a conces- 
sion from the French Government for laying a cable between 
England and France, and in 1849 a company was formed 
for carrying out the project. A cable twenty-five nautical 
miles in length was manufactured. It was made of copper 
wire covered with gutta-percha, and was constructed in 
separate lengths of one hundred yards, which were Joined 
by twisting the ends of the copper wire together and bind- 
ing them over with gutta-percha which had beam softened 
by heating. 

This cablo was laid in August, 1860, simultaneoJisly 
from Cape Gris-noz and Dover, the cablo being simply 
passed overboard from drums on which it w'as wound; and 
leaden weights of ten or twelve pounds, to act as sinker.s, 
were fixed at intervals of about one hundred yanls. Wlmn, 
however, the two ends wore joined together it was found 
that the cable had boon broken, and although attempts were 
made to take it up and repair it, they were unsiUH;es.sful, 
as the .cable was not strong enough to lift up the leailcu 
weights used as sinkers. 

The original concession obtained from the French Gov- 
ernment expired in 1860, but a further extension of a year 
was obtained. The failure of the previous attempts, liow- 
ever, had made capitalists distrustful of the project, and 
if it had not been for Mr. Crampton, who found lialf the 
capital required himself, tibie project would have fallen 
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through. As it was, however, a cable was constructed bj 
Messrs. Newall & Co. 

It was formed of four copper wires, each covered with a 
double layer of gutta-percha. These were twisted together, 
and the intervals filled up with tarred hemp, after which it 
was wound over with tarred cord, and the whole covered 
with a set of ten thick iron wires wound round it in order 
to protect it from injury. The cable was laid down from 
Sangato, but the weather was very xinfavorablc, so tliat the 
voHsed laying it was unable to keep her course, and when 
th(‘. whole of the cable was paid out, she was still about a 
mile from the French shore. Temporary communication, 
however, was CHtal)lishcd by means of thi*co wires simjdy 
covcnul over and bound together, and this oxteinporized 
cabh^ was afterward r(^i)la(UMl hy means of a length of eahlo 
similar to the rest, and in NovcmT)cr, 1851, the cable was 
actually opened to the public, and since then, thougli it has 
fn^cjnently been repaired, itbas never been entirely renewed. 

The Bucccss of this cable restored the confidence of 
capitalists, and an attempt was soon nuidc to lay a cable 
bidwctsi Fngland and Ireland. The first of tlu\se was laid 
down from Holyhead to llt>wth, the cable being wry similar 
to ilie Dover one, l>ut the insulation was bad, so that wlum 
it wiiM ca'>mpleted it was found that signals could not be 
tninsnutted, and attempts were made to pick it up and 
mend it; they wore not, however, suceossfuL Two other 
aitiun]d44 wc^re rendered unsuccessful, by the vessed laying 
the e.able lahiig cairried out of her course by currents; but 
in the year 1853, a large ealde containing several eoncluoting 
wires was laid lietwemi Portpalriek and Donagliadee. 

The possibility of sueeeHsful submarine cables having 
now bean completely demonstrated, there was no difficulty 



154 ELECTBIOITY IN MODERN LIFE 

in obtaining capital, and numerous short cables were laid 
down, connecting different European countries. 

In the meantime the success of the second attempt to lay 
a cable between Dover and Calais had resuseitated the idea 
of establishing electrical communication between Europe 
and America. 

In the year 1851, Tebbets, an American, and Gi.sborne, 
an English engineer, obtained a scries of concessions from 
the Government of Newfoundland, and formed a eonijumy 
under the title of the Electric Telograpli Company o£ New- 
foundland. This company laid down twelve miles of ealdo 
between Cape Breton and Nova Scotia, but as it was luiuldo 
to carry out all that it had undertaken, it was shortly after- 
ward dissolved, and the concessions transferred to tho 
Telegraphic Company of Now York, Newfoundland, and 
London, founded by Cyrus W. Field, who, in 18oI, obudncd 
a further concession, giving to the company tlui sole right of 
carrying cables to Newfoundland for a period of fifty years, 

A cable eighty-five miles long WJis then laid bctvsumn 
Cape Breton and Newfoundland, and, in 1856, Field cumo 
over to England with a view of raising tho capital for laying 
a cable between Ireland and Newfoundland. Hero bo asso- 
ciated himself with Brett, Whitehouse, and Charles Bright, 
who founded an English Company, which amalgamaUul 
with tho American one, under tho title of tho Atluuiio 
Telegraph Company. 

The capital of this company was provided by three bim- 
dred and forty-five contributors, who subaoribed & thousand 
pounds each. Among these oontributors the name of Mr. 
John Pender, now Sir John Pender, EhO.M.Q-., must bo 
specially mentioned, as from this time forth ho pmotioally 
took the lead in the development of submarine telegraphy. 
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Before the new cable was constructed, a number of ex- 
periments were made bj Mr. Whitehouse, to determine the 
manner in which the rate of transmission of signals depended 
on the length of the cable; and he found that the time re- 
quired for the transmission of a signal increased at a some- 
what more rapid rate than the length of the lino, but not 
in 2 >ro])ortion to the aejuaro of the length, as appeared to 
bo indicated by the theory of the subject, which, however, 
was at that time quite in its infancy. 

In the course of these experiments, Whitehouse made 
the very imitortant discovery that the rate of signalling 
could bo increased itt the ratio of about three to one, bj 
making the currents How tbroiigh the cable in opposite direc- 
tions alternately, instead of always in the same direction. 

As the Atlantic cable would Ito nearly two thousand 
miles in length, it was thought advisable, before incurring 
the oxjionae of having it constructed and laid down, to obtain 
definite ox^ieri mental ovidenoe of the possibility of trans- 
mitting signals over so long a lino. 

Aceordingly, in Oe.tolu'r, 18r>(>, Whitobonse and Bright 
ooiine(!ted up a scries of existing snhmarino cables with the 
subterranean lino between London and Manchester, and in 
tills way mndo up a circuit of about two thousand miles 
in lengtli, and it was found that from about 210 to 240 dis- 
tinct signals could bo sent over this circuit in a minute, and 
thopoforo the commercial practicability of using the line, 
if it could be oonstnioted and laid sucoessfully, was con- 
clusively demonstrated. 

The core of tlie cable was made by the Guttapercha Com- 
pany, of Silvertown, and consisted of seven <K)pper wirei^ 
^vered with three layers of gutta-percha. The core was 
covered with hemp soaked in a oompoaition of Norwegian 
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tar, pitch, linseed oil, and wax, and was ])roteetcd outside 
by means of eighteen ropes, each formed of seven iron 
wires. The covering was manufactured and laiti on by 
Messrs. GHass, Elliot & Co., and Messrs. Nowall & Co. 

The shore ends of the cables were protected by a nnndi 
heavier armor, consisting of twelve thick iron wires twisted 
round the cable in a helical form, as was done with the wire 
ropes used in the deep-sea portions. 

Owing to the absence of previous o.xporimenta on the 
requirements of such a cable, and also to the hnato with 
which its manufacture was carried out, the cable was un- 
fortunately exceedingly defective, and Mr. Whitcflmuso 
strongly advised its rejection. It was, however, decided 
to lay it down, and it was embarked on hoard two vo.s.ho1s-— 
the “Niagara,” a vessel of five thousand tons, belonging to 
the United States Navy, and tlio “Agamemnon,” an English 
warship, of three thousand two hundred tons. 

It was decided to lay the cable from Valentin, in Ireland, 
to Newfoundland, as the ocean bottom between tlieso tw-o 
places had been explored by Captain Maury, of the United 
States Navy, and found to consist of a gently undulating 
plateau, covered with fine mud, usually known by the namo 
of Atlantic ooze, forming a very suitable bed for the (ndilu. 

The shore end of the cable was laid down from Valentia 
by means of two smaller vessels, and was safely cllectod on 
the 6th of August, 1867. On the following day the shoro 
end was joined with the portion on board tho “Niagara,” 
and the paying out of tho cable wont on auccoasfully until 
the 11th of August, when, after a length of 884 nautical 
miles had been laid down, the cable broke, owing to an 
accident with the paying-out machinery, in a depth of over 
2,000 fathoms of water. Owing to this accident the vessels 
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returned to Plymouth, and the cables were landed at Key- 
ham, and stored in dry tanks. The most defective portions 
were there replaced by new ones, and an additional length 
of 760 miles was manufactured by Messrs. Glass, Elliot 
& Co. The paying-out machinery was also very greatly 
improved. 

This time it was decided to begin laying the cable in mid- 
ooean by the two vessels simultaneously, the “Agamemnon” 
proceeding toward Valentia, and the “Niagara” toward 
Newfoundland. Tho cable was broken several times in 
laying, and about (MO miles of it wore lost, but at last 
every difliculty was overcome, and communication estab- 
lished on tho Cth of August, 1858. 

Jt was found, however, that tho signals transmitted by 
tho cable gradually became less distinct, and on tholstof 
September tlicy ceased to l )0 intelligible. During the time 
that communication was established the English Government 
had made use of tho cable to send a message to Canada, 
counturmandiug tlio d(‘[iarturo of two regiments which were 
about to return to Mnghunl; and, as they would have had 
to bo smit back again, a considcrablo expense was thereby 
eaved to the country. This was a fortunate circumstance, 
as it illustrated in a v«Ty striking manner the advantage of 
establishing tohjgrapliio communication between England 
and Amorica, and bad an important ofToct in encouraging 
further attempts. 

ScvfU'nl attempts wore made in 18150 to pick up this 
oablc, but they wore all unsucoessfal. The Atlantic Tele- 
graph Coin])aiiy did not, however, for a moment abandon 
their hopes of success, and two vessels were sent out to 
explore tins ocean bed between Ireland and Newfoandland. 
They found that several portions of the bottom where the 
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old cable had been laid were of a rocky character, very 
likely to damage the cable, and a new course was therefore 
marked out for the next attempt, about twoiity-sovon miles 
to the south of the former one, the positions selected for 
the shore ends being the Bay of Ileart’s Oontoiit in N (sw- 
foundland, and Poilhommerum, close -to 'Valontia, in Ire- 
land. Anew cable was manufactured by the (luttnpen'.ha 
Company, the core having been designed by Messrs, ((lass, 
Elliot & Co. In its general character it was similar to 
the former one, but the construction was very gnsatly 
improved. 

As the results of the 1867 expedition had shown the 
inconvenience of employing two vessels to lay the eablo 
simultaneously, the “Groat Ea.stcni,” of 22,600 tons, was 
chartered to carry the entire cable, whie.Ii was coiled on 
board in three immense iron tanks, and Captain, now Sir 
James, Anderson was appointed to command the vessel, 
Mr. Canning being engaged as engineer, and Professor, 
now Sir William, Thomson and Mr. P. Varloy ns elec- 
tricians. The Irish shore end, which had been made by 
Henley of Woolwich, was laid down by a smaller vessel 
on the 26th of July, 1866, and was joined to the main 
portion on board the “Groat Bastorn’’ on the following 
day, when the process of paying out the cable was at oneo 
begun. 

On the 24th of July, after 84 miles of cable had been laid 
down, a fault was discovered in the portion which hati been 
submerged, and ten and a half miles of oablo liad to be 
wound in before the fault was got on board, when it was 
found to be due to a small piece of iron which had pone’ 
trated the insulating covering, and made connection between 
the copper core and the water. 
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A second fault occurred when 716 miles of cable bad 
been laid down, and tbis also was successfully repaired. A 
third fault was observed on the 2d of August, after 1,186 
miles of cable had been paid out, and the cable had to be 
wound in from a depth of about two thousand fathoms. 
Afti^r about a mile of cal)lc liad been recovered an acci- 
dent occurred to the piclcing-up machinery, and it became 
necessary to stop the ship; it was therefore temporarily 
at the rtiercy of the waves, and the cable, unable to bear 
the strain to which it was stibjccted, parted and was lost 
overboard. 

Hovtu'ul att(unpis wore made, by means of grapnels, to 
pick it up; but although the engineers succeeded in getting 
hold of the (uihic, the tackle was not strong enough, and 
gave way in every e.ase heforo it was l)rought to the sur- 
fjMuu Ultituately, the atUunpts had to bo abandoned, as all 
the picking- up tackle was exhausted. This disaster rained 
the Atlantic (Company llnancially, and there appeared very 
little prospec’.t of raising the capital for another attempt; for 
many of t!u^ (U’iginal contributors W(U‘c. diaul, while, others 
liad lu'gun to despair of the ultimat<'. smuu^sH of the project 
as a conuuert?ial enttu*pris<^, and preferred the certainty of 
losing what they ha<l already put into it, to the risk 
of invcHtirjg further capital in wliat scarcely soerned more 
thiiii a forlorn hope. 

This, however, was fortunately not the opinion of Mr. 
Ji^hii Fender and a few others who shanul his faitli in the 
nliimjiit^ Huecu^HS of the enterprise; and the Anglo- Amoricaa 
Company was formcul, with a capital of XfkK),0iH), to carry 
on the work of the defunct Atlantics Company. 

Tlie first objec‘.i of the nt*w company was to lay dowa 
a new and improved cable; and the second, to endeavor to 
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repair and complete the former one. Negotiations for the 
manufacture of a new cable were therefore oiienod with 
Messrs. Glass, Elliot & Co., and with the Guttapercha 
Company; but the latter found it was giving up much of 
its ordinary business in order to carry out this one attempt, 
which, if it were unsuccessful, might involve them in ruin, 
and they refused to proceed with the work unless tlii!y 
received a guarantee amounting to a quarter of a million. 

Delay at this moment would have been fata! to the 
project, and would have involved tlio loss of all tlm cajii- 
tal, amounting to nearly two millions, whi(di ha<l alnnuly 
been expended; but when Mr. Ponder was infornu'd by the 
company of their demand, he simply asked whether his 
personal guarantee would suffice; and on ludng told that 
it would, he at once gave it, and the work wa.s put in hand 
forthwith. 

Another cable wa.s made very similar to the former 
one, except that the iron wire, used for armoring the 
cable, was galvanized to protect it from the di.sintegruting 
action of the water. 

New paying-out and picking-up machinery of a greatly 
improved type, and driven by an engine of seventy hor.s<>- 
power, was placed on board the “Great Eastern’'; and th(i 
“Medway” and “Albany,” which wore to assist the “Great 
Eastern,” wore provided with similar machinery. Two ves 
sels of the British Navy, the “Terrible” ami the “Hue 
coon,” were told off to accompany the exjiedition, ami 
render any additional assistance that might be rtHiuiretl. 
The shore-end of the cable was laid down in thts Bay of 
Eoilhommerum on the 7th of July, 1868, and on the 18th 
the junction with the cable stored on board the “Groat 
Eastern” was effected, and the latter vessel started on its 
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voyage to Newfoundland, where it arrived on the 27th of 
July, after having been successful in laying the 1,862 miles 
of cable without any mishap. The cable was laid along the 
lino previously marked out, which was, as already stated, 
twenty-seven miles to the south of the old cable. 

On tlie i)th of August the “Groat Eastern,’’ accompanied 
by tlu5 “Me.il way,’’ put to sea to endeavor to find and pick 
tip the old (‘able, and throe days later they mot the “Terri- 
ble’’ and the “Albany,” which had been despatched eigh- 
teen days earlier to endeavor, in the first place, to find, by 
means of astronomical observations, the place where the 
calde liad been abandoned; and, secondly, to begin drag- 
ging for it. When the “Groat Eastern” arrived, the “Al- 
bany” had already grappled the cable, lifted it a certain 
distance, and supported it by attaching it to a buoy; but 
the chain had broken, so that the cable had fallen back to 
the bottom, carrying with it about two thousand fathoms 
of chain. Canning’s plan for picking up the cable was that 
the “Great Mustern,” the “Terrible,” and the “Albany” 
should drag for it simultaneously, and when they had grap- 
pled it, and liftcil it to a certain height, tlio “Medway” was 
to cut it on the westerly side, so us to allow the Valontia 
end to bo ])icked up. Several times the vessel sxiccocdod 
in getting hold of the cable, and once it was brought to 
the surface, but it slipped out of the grapnel as attempts 
were being made to attach a chain to it. At last, however, 
on the IHth of August, the cable was grappled and lifted to 
witlun HUt) fathoms of the surface, when the chain to which 
the gruprud was attached was fastened to a buoy. The 
“Great Kastorn” then began to drag tlireo miles to the 
west of the buoy, and the “Medway” two miles to the west 

of the “Great Eastern,” and both vessels succeeded in get- 

% 
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ting hold of the cable, the position of which was then as 
shown in Fig. 39. The “Medway” then cut tho cable 
by means of a cutting grapnel at a depth of 300 fathoms. 

The part grappled by the “Groat Eastern” was then 
at a depth of 800 fathoms, the process of lifting it having 
been stopped at that depth, as tho strain upon tho grapnel 
had risen to over twenty tons, and it was feared that any 
further increase would cause it to give way. When, how- 
ever, the cable had been cut by tho “Medway,” tho strain 
diminished to ten or eleven tons, and tho “Great Eastern” 
recommenced the work of picking up. It was got on board 
and connected with the electrical instruments on tho 2d of 



September, and the happy result was immediately signailod 
to Valentia. Tho extra cable which had boon provided for 
repairing the old one was then joined to tho latter, and tho 
“Great Eastern” began laying it down in the dirciotion of 
Newfoundland, arriving safely at the Bay of Heart’s Con- 
tent on the 8th of September, when it was attaelnal to tho 
shore end, which tho “Medway” then proctHuled to lay 
down; and the same evening communication was emtab- 
lished through it between Newfoundland ami Valentia. 
The total length of cable laid down amouutod to 1,898 
miles. 

During this second expedition the vessel was com- 
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manded, as before, by Captain Anderson, and Mr. Can- 
ning directed the operations of laying and repairing, while 
Professor Thomson and Mr. Willoughby Smith were in 
charge of the electrical tests on board, and Mr. Varley 
remained at Yalontia to superintend the testing opera- 
tions there. Since the successful laying of the Atlantic 
cable in 1866, now cables liave been laid down in grad- 
ually increasing numbers almost every year, until at pres- 
ent they form a complete network, connecting, in conjunc- 
tion witli the overland telegraphs, all the more important 
places in the civilized world. The cxporionco thus gained 
has of course led to many improvoruents in the construc- 
tion of tlie cal)les, in the methods of laying thorn down, 
and picking them up for repairs, and in tlio apparatus 
used for transinitting and recording signals. 

CabUiS are often made with several separate conductors 
instead of only one, the dillcrcnt tcnninala being connected 
to (liiTercmt lines on shore; but whether one conductor or sev- 
eral are employeil, each of them is now invariably made, 
not of a singlti coppt^.r wire, but of several wires, usually 
tlireo or seven, as this is found to entirely obviate the 
difliculty arising from the brittlenoBB of solid copper wire, 
which caused a great dml of tr(>ul)Io in the earlier cables, 
as the solid wire was found to break after being bent 
ft few times. 

The covering of hemp or jute, which is spun round 
tlie insulated core to serve as a pad or protection agaitist 
the j>riwsur(^ of the iron wires farming the armor of the 
cable, is tisually known as the and when the 

cable is made up of several Si^parate conductors, they 
are usually arranged in a (ure-h's roumi a central core 
of hemp or Jute known as the ^'worming**' 
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In tlie earlier cables both the serving and the loorming 
were saturated with tar, in order to diininisli tlicir liability 
to decay in tlie water; but Mr. Willoughby Smith found 
that tar temporarily mended small defects in tho insulation, 
and might therefore prevent any injury to tho core from 
being discovered in time to allow of its being repaired before 
the cable was laid down; while it was not a sulliciently good 
insulator to mend the fault permanently, and therefore it 
is now no longer used, the hemp being tanned instead. 
In shallow waters submarine telegraph eal)les are very liable 
to injury, either from anchors dragging over them, or from 
their being chafed against a rocky bottom; or again from tho 
attacks of various submarine animals, such as tho Ton>dos, 
which will boro into a cable as it would into tirnlmr, if any 
portion of the armor is removed by injury. It appears, 
however, to confine itself to tho exposed portions, and will 
not bore into tliose portions of tho heni[> wliieh lie under- 
neath tho iron wires. Tliero is also a ease on reoord of 
a swordfish liaving left its weapon buried in tho insulating 
coating of a telegraph cable. 

When any such fault occurs its presence can lie denu-Ual, 
and its position ascertained, by electrical tests made, either 
at one end of tho line, or at both ends simultaneously, with 
the aid of adjustable rosistanco which is inserted into the 
circuit between tho end of tho cable and tho earth couneetion. 

This adjustable resistance consists of a series of ornls, 
the resistances of which arc all known multiples of a definite 
unit, usually the Legal Ohm. Tho resistance per mile of the 
cable is known from tests made before it is laid down, and 
when a fault occurs the electrical tests onablo the rosistanco 
of the cable between the fault and either end to he deter- 
mined, and therefore tho distance along the cable at which 
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the fault occurs is obtained by simply dividing the total 
observed resistance by the resistance of a mile of the cable. 

The first successfully-laid Dover and Calais cable, and 
the other short cables which were laid shortly afterward, 
were worked by means of needle instruments, or other ordi- 
nary telegraph apparatus then in use on overland lines. 
None of tlicse, however, was sufficiently delicate to give 
good results over a great length of cable, and they were 
therefore very soon displaced by the mirror galvanometer. 
It has already been mentioned that this instrument was 
originally devised by Gauss and Weber, and employed on 
their teh^graph line at Gottingen. It was subsequently very 
mueli improved by Sir William Thomson, and one of the 
instalments made by him was employed at Valentia during 
the few weidcs that communication was possible tlirough the 
cable of 1858. 

Thomson’s astatic reflecting galvanometer, now employed 
for submarine cable work, consists of a pair of magnets con- 
nected rigidly together in such a way that wlum suspended 
by a silk fibre thc^y will hang horizontally one aliove the 
other with similar poles ]u)inting in opposite dire.ctions. 
The two magnets are of as nearly eipial strength as it is 
possibles to make them, so that when placed in a magnetic 
Held the directive force acting on them is very much weaker 
than it would bo upon a single magnet only. The magnetic 
Held Is usually produced by means of a small magnet Ixmt 
in a vertical plane in the form of a circuhir arii, and made 
to slide upon an upriglit rod attached to the case of the 
insirumtmt. 

This is more c^onvimiont than using the earth’s magnetic 
field, beeausc, by means of the adjustable magnet, the sus» 
ponded magnets can be mad© to turn in any desired direc- 
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tion. These suspended magnets are exceedingly small and 
light; and each of them is attached to the back of a small 
mirror formed of silvered microscope glass. A very large 
number of turns of exceedingly fine silk-covered copper 
wire are then wound round the pair of suspended magnets 
in a coil having the shape and position of a vertical figure 
of 8. The result of this is, that whatever the direction of 
the current through the coil, the effect of the portions sur- 
rounding each of the two suspended magnets is to turn them 
both in the same direction. 

The resistance of a galvanometer of this kind is very 
high, generally from seven thousand Ohms upward, but this 
does not produce any sensible diminution in the strength 
of the current, which by Ohm’s law is equal to the electro- 
motive force divided by the total resistance, because the 
resistance of the cable is so groat that the galvanometer 
resistance does not increase it by any perceptible proportion 
of the whole. 

The object of using exceedingly fine wire is to enable 
a very large number of turns to bo wound in very close 
proximity to the suspended magnet, in order to magnify 
as much as possible the effect of the weak current passing 
through the cable. 

In reading a message by moans of the mirror galvanom- 
eter, it is placed close to the observer; and opposite to it, 
at a considerable distance, is placed a horizontal soalo, at the 
centre of which is a small vortical slit. A lamp is placed 
beyond this slit, and its rays, concentrated by moans of 
a lens, are allowed to fall upon the mirror, and reflected 
back upon the scale. The observer watches the motion of 
the spot of light upon the scale, and the reader will easily 
see that a very small motion of the mirror will be sufficient 



SUBMARINE TELEQRAPHS 


167 


to give a perfectly perceptible motion to the spot of light. 
The dots and dashes of the Morse code are indicated by 
motions to the right and left respectively of the centre 
of the scale. 

It is exceedingly fatiguing to the eye to watch the mo- 
tion of the spot of light in the mirror galvanometer for any 
length of time, and although the instrument is still largely 
employed for making electrical tests, it has been to a great 
extent superseded for signalling purposes by the “Siphon” 
recorder, a most beautiful and ingenious instrument, which 
is also the invention of Sir William Thomson. The construc- 
tion of this instrument is far too complicated for me to tax 
my readers’ patience by describing it in detail, but its gen- 
eral principle is very easily understood. 

A flat coil of very thin wire, in circuit with the line, 
is suspended by means of silk fibres between the poles of 
a powerful electro-magnet, in such a way that when no cur- 
rent is passing through it, it hangs with its plane vertical 
and passing through the lino joining the poles of the electro- 
magnet. When a current is sent through the suspended 
coil the latter behaves like a magnet, just as in Ampiiro’s 
experiments, and trios to sot itself with its plane porpon- 
dionlar to the lino Joining the poles of the olectro-magnet. 
The suspended coil is made to communicate its motions by 
means of fine silk fibres to a very fine glass siphon, one end 
of whioh dips into an insulated metallic vessel containing 
ink, while the other extremity rests, when no current is 
passing, just over the centre of a paper ribbon which can 
bo carried underneath it by moans of clockwork. When 
the instrument is to bo used, the vessel of ink is connected 
with an electrically charged conductor, the effect of which 

is to drive the ink out of the siphon in small drops. The 
SeiKSCB— Von. Xni— -8 
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clockwork is at the same time set in motion, the result being 
to draw a fine dotted line along the centre of the ribbon. 

When currents are sent through the line the point of the 
siphon moves alternately above and below the line, drawing 
a wavy instead of a straight line, and this wavy lino gives 
a permanent record of the message, the motion of the siphon 
above the central line corresponding to the dots of the Morse 
code, and its motion in the other direction corresponding 
to the dashes. It has already been mentioned that White- 
house found in his experiments, preliminary to the first 
attempt to lay an Atlantic cable, that the rapidity of signal- 
ling could be greatly increased by sending currents alter- 
nately in opposite directions through the line. Tliis ho 
himself attempted to effect by the use of a small magneto 
machine, but a more satisfactory method is to alternately 
connect the copper and zinc polos of the battery at the 
transmitting station with the cable, the end not in connec- 
tion with the cable being at the same moment juit to earth. 
In order to obtain tho best effects, tlio duration of the 
different currents in opposite directions should boar definite 
ratios to one another, depending of course on tho succossion 
of signals to be sent. It is very difficult to do this satisfac- 
torily with any form of key operated by hand, but it is done 
moat effectively by means of tho automatic curb transmitter, 
an instrument devised by Sir William Thomson for use 
with the siphon recorder, and which automatically makes, 
breaks, and reverses tho contacts as required, under the 
guidance of a strip of punched paper similar to that em- 
ployed with the Wheatstone automatic transmitter, which 
was described in the last chapter. 
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CHAPTER XIl 

T I I K T E L K lUI 0 N E 

T he fh'Ht recordiHl attempt to traimnut Bpoech bj elec- 
tritoiy wan luatlo hy Philipp Rt'ia, a Gorman school- 
miiHicn', wlio lu^gan bin rt'Hearelu^H in the year 186 (b 
Ilin lirnt truunmittor whh formed oiit of tlio bung of a beer- 
barrel, hollowed out, and having one end ckmal with the nkin 
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of a German aausag® to aerv© as a raerabrano. A somewhat 
leas {trimitivo form of the instrument is shown in Fig. 40. 
It oonaiated of a cube of wood, hollowed out in a conical 
form, and having the smaller end of this hollow closed with 
A vciy fine stretched memlirane. A narrow springy strip of 
platinum foil was attached to the upper binding screw, aa 
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sliown in the diagram, while its lower end rested against 
the centre of the membrane. A second jdatiiiurn strip, 
provided with a contact point, was attached to the lower 
binding screw, and, by moans of tlio adjusting screw shown 
in the illustration, was made to just tomdi the lower end 
of the first platinum strip. 

The two binding screws were placed in circuit with the 
battery and with the line through which messages w<sre to 
be sent. Eeis’s original receiver, sliown in Fig. 41, con- 
sisted simply of a violin, upon the bridge of which was 
stuck upright a knitting-needle, surrounded by a coil of 

silk-covered copper wire. If 
a musical note was sounded 
opposite the larger end of tho 
hollow of the transmitter, tho 
membrane was thrown into 
vibration, making juhI break- 
ing the circuit once at cac.h 
complete viltration. As often 
as tho circuit was completed 
the knitting-needle was mag- 
netized by the coil surrounding it, and demagnetized when 
the current was broken. Now, it was e.xplain{!d in a former 
chapter that when a piece of iron is siiddcnly magnetized or 
demagnetized a slight sound is hoard, and as the number 
of magnetizations and demagnetizations in a si'coml was 
equal to the number of vibrations corresponding to tho note 
sounded at the transmitter, tho result was that tho note was 
reproduced. Reis attempted to use his instrument for trans- 
mitting words spoken into the transmitter, but he does not 
seem to have been able to do more than occasionally reproduce 
a single syllable or short word, and that very indiatinotly. 
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Wo now know tlmt tlie reason of this was that the 
HOinuls eniittocl by the human voice are of much too com- 
plicated a nature to ho reproduced by any apparatus which 
simply makes and brtsaks the circuit, and althoiigh Profes- 
sor S. P. Thompson has laien more or less successful in 
transmitting articulate soumla hy means of instrumenta of 
similar eonstruetion to those of Hois, it has only been by 
very enrefully adjusting tlie contact-breaking spring, and 
speaking to it very softly, »o an only to vary the jircssuro 



between tho two platinum surfaet^s instead of actually bri‘iik- 
iiig tho contact. Keis made a great nurnher of other trans- 
mittera of an imperfect form, one of which is shown in 
Fig. 42. It consisted of a doiihlo electro-magnet about six 
ineht's in length, laid horissontally upon a wooden sound- 
ing-hoard. In front of tho poles of tho electro- mngimt was 
jdaced HU iron rotl of elliptical seetioti, attiudied b> a 
wooden lath supported on a cross wire, and capable of 
having im position regulated by means of the upper atljust- 
ing s<m>w, and a umsion spring attached, as shown, to tho 
lower screw in the illustration. 
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It is curious tliat tliougli Eeis provided hia transmitters 
with elaborate mouthpieces, he never attempted anything 
of the kind for the receiver, although subaccpicnt experi- 
ments have shown that it 's a much more iin})ortant feature 
in the latter case than in the former. 

The first speaking telephone was the invention of Alex- 
ander Graham Bell, a Scotchman who had settled in the 
United States and become a naturali^scd American citizen. 

The first telephones constructed by Boll were not H})ealc- 
ing ones, and one of these earlier forms is shown in Fig. 48. 
The same instrument served either for transmitting or re- 
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oeiving the message, and consisted of a pair of harps formed 
of steel rods attached to the poles of a permanent niagiu'.t, 
NS, and having their free ends rcs})ectively nhove and 
below the soft iron core of an elcotro-inagm^t, K. 

Two such instnxments are shown in tlm diagram <!on- 
nected up ready for use; one end of the coil of (nwh electro- 
magnet is earth-connected, and the other two (mds are 
connected with each other through the line. 

If one of the bars of the harp II is thrown into vibration 
mechanically, or by singing to it or playing a musical note 
in its neighborhood, it will send an undulatory current, of 
a period corresponding to that of the note, through the line, 
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and this will set in vibration the ooixesponding rod of the 
harp H — that is to say, the rod giving the same note as that 
which was sounded at the transmitting station; the reason 
that one of the rods will respond to a note sounded near 
it is that its period of vibration is equal to the period of tho 
note, so that tho aucoossivo iinpulsos eaused by tho waves 
striking tho rod all tend U) increase tho vibration instead 
of counteracting each otlier’s offoctH. A familiar example of 
exactly the same phenomenon is given by the well-known 
fact that if tho sou ruling-board of a jriano is lifted and 
a certain note sung above tho strings, it will bo taken up 
by tho string giving the Huino nottu Tho study of tho notes 
required Uj prorluco tint dilfereut vowel sounds shows that 
if a piano wore matle with a HuHieient number of strings 
to oaoh octavo, or a harp sue.h as that used by Bell with 
a sufficient number of rods, vowel signs could bo perfectly 
rejtrotlucod by sotting them in vibrotion one after another. 
Bell pursued this idea for some time, as ho thought it might 
give a convenient means of seiuling a number of messages 
simultaneously along the saitu} limu This was to bo elbH-.UHl 
by a pair of nettfs being selected for eaoli pair of instru- 
ments, to give signals corresponding to dots and dashes 
respectively, a different pair of notes being used for each 
such pair of instruments. 

The clerk at the transmitting station would simply have, 
by means of a suitable key, to sot his pair of rods in vibra- 
tion in the proper manner to transmit a moiwugo. At catsh 
receiving stotion a number of the rods actuated by the send- 
ing instruments would bo vibrating together, but it was sup- 
posed that ea<!h dork would be able to pick out the two 
notes which it wjis his business to nttojul to, and to train 
jfkis ears so as to distinguish these while neglecting the 
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otters. The plan might possibly be a success if telegraph 
clerks invariably possessed accurately trained musical ears, 
but unfortunately comparatively i&w persons possess the 
power of training their ears to the extent which would 
be necessary. 

After a long series of experiments, the transmitter 

shown in Fig. 44, and the 
receiver shown in Fig. 45, 
were constructed, and these 
are of special interest as be- 
ing the first pair of instru- 
ments that could really be 
said to form a speaking 
telephone. They were exhibited in Philadelphia in 1876, 
and at the meeting of the British Association in the same 
year. Sir William Thomson excited a widespread interest 
by exhibiting this receiver to the meeting at Glasgow, and 

giving an account of the re- 
sults obtained by Mr. Bell in 
the same year. 

The first public exhibition 
of the speaking telephone in 
England was given by Mr. 
Preece at the Plymouth meet- 
ing of the British Association 
in 1877, when the Glasgow re- 
ceiver had been abandoned, and the transmitter modified 
into a form not difiering greatly from that shown in Fig. 46, 
which represents the Bell receiver now in use, and which 
was used for some time both as receiver and transmitter. 
It consists of a case made of wood or ebonite, the latter 
being now almost universally employed, containing a per- 
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Bianont steel magnet, a, <)j>{)OHite which is a vibrating plate, 
jjp, made of thin steel. 

The distance l)otwoon the magnet and the plate can be 
adjusted by moans of the screw, d. On the N end of the 
magnet is placed a small boxwood reel, hh, wound with silk- 
covered copper wire, the ends of which are connected by 
means of the terminals, /</<, with the lino LS, The mouth- 
piece, KF, is fasttmud by means of two screws, ff, to the 
projecting Ihuige II U, of the case, and holds the vibrating 
diaphragm in position. This diaphragm is made of a forro- 
typo plate smdi as that used by photographers, i^jueh givm 
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a much clearer intonation than the meinbrancis employed in 
the earlier instruments. The principle of these instniinonts 
is similar to that of tho harj) ttdephone first nuulo hy Hell, 
except that tlm harp, which can only produce a litnitod num- 
ber of definite notes, is replaced by tho stool diaphragm, 
which reproduces with more or less clearness all the notes 
which go to make up the human voice. 

As in the former Instrument, no hatusry is re«juired, the 
■ondulatory current being produced by tho vibrations of 
the diaphragm spoken to, and rtsproducing the sound in 
receiving instrument, by setting up vibrations in its 
dkptungm, synchronous with those of the first. 
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The next advance in telephony was made by Edison’s 
invention of the carbon transmitter. This instrument, which 
IS shown in Eig. 47, was based on the discovery, made by 
Du Moncel in 1866, that an incx-ease of pressure between 
two conductors in contact causes a diminution in the elec- 
trical resistance of the circuit of which they form a part. 
E is an ebonite mouthpiece, D a vibrating plate, and I a 
disk of prepared carbon about the size of a shilling, the 
distance of which from the vibrating plate can be adjusted 
by means of the screw, V. A small platinum plate, B, 
carrying a rounded ivory button, i, is fixed to the upper 
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surface of the carbon disk. When the membrane is sot in 
vibration by speaking to it, the vibrations aro communicated 
to the carbon by means of the small platinum plate; and the 
variations of pressure produced in this way cause a variation 
in the electrical resistance of the contact, and thercdorc, set 
up a series of undulations in a battery current made to 
traverse the circuit. In practice it is found belter, when 
using the carbon transmitter, not to place the rec<!ivor in 
circuit with the battery and transmitter, but to allow the 
undulatory current from the latter to traverse the primary 
wire of a small induction coil, and to place the reoeiver in 
circuit with the secondary wire of the same coil, in which 
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undulatory enrr<int« aro produced by the induotivcs action 
of the original c-urront. 

In the samo year that JUdiHon devised iho carbon traiiB* 
mittor, Mr. IIiighoH n'ail a jaiper boforo the Ht»yal Society 
in which ho doHcribod an iimtniiiniiit of a very Bimilnr char- 
acter, to which ho gavvs the nnmo of tho “microphone. ’* 
A simplo and oflioiont form of this iuHtruiiiont ia ahown 
in Fig. 48, aJid tJouBiatH of a pencil of gim carbon (vi&, the 
reaiduo left in a gaa n^tort when the gaa him Imen e.\pelle<i 



from tho coal) poiiitod at each end and renting in c«p», <XJ, 
of a similar material. When this instrument is ronni etml 
through a battoiy, B, with aoireuit, XY, emitaining a tele- 
phone, it Is found to act as a very powerful tidephi.ne tnina- 
niittcr, and the slightest touoh against the penet! v. i!I pro- 
duce a grinding noise In tho telephone. If tho iiirttrumeiil 
is allowed to rest on a small wooden iuat»’lo!io 3 i in whieh 
a fly is walking, tho noise produced by its inofions onit 
ho distinotly Imard in a telephone in eircuii with tho 
aateofhono. 



178 ELECTRICITY IN MODERN LIFE 

A large number of carbon transmitters of various kinds 
have been devised by different inventors, all of tbem modifi- 
cations, not of Edison’s transmitter, but of Hughes’s micro- 
phone. Of these it will be suilicient to describe the Blake 
transmitter, which is the one universally used in connection 
with the telephone exchanges in Great Britain. It consists 
of a small wooden frame, II, Fig. 49, hollowed out in the 
centre so as to form a mouthpiece, a, and carrying on its 
reverse side an iron ring, rr, Fig. 60, to 
which are screwed two pieces, hh, oppo- 
site to each other. These are connected 
by the conducting rail c, which is kept 
in position by means of the brass plate m 
and the screw n. The iron diaphragm « 
is placed immediately bolund the funnel- 
shaped moutlipicce a. Between tlie dia- 
phragm and tlic vertical rail c, the u])per 
part of which is hent at right angles, 
there is an interval of about three- 
quarters of an inch. 

A strip of insulating material, t, car- 
ries a thin flexible steel spring, /, the 
lower end of which terminates in a 
small platinum button pressing on one 
diaphragm, and on the other against a 
small carbon disk, k, fastened to a small brass i)lato, p. 
The latter is fastened to the lower end of a flat spring, 
ff, the upper end of which is fixed, as shown, to tlie 
shorter arm of c. The spring y is coated with gum, ami 
is only in electrical connection with the spring / by means 
of the platinum contact. The diaphragm e is contained in 
the India-rubber ring u, Fig. 60, and is kept in position 



Fra. 49, 

side against tlie 
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bj the springs v»' which are sorowetl to th« ring r The 
firame H forms tlus <hH»r of a snutll ca»« eniitiiutmg the 
induction coil, R. The current pnssi's from om* of 
the battery, through tho primary cchl, ovi*r the ring r, lii« 



upper pirt'i* li, tho lirnita plate wi, the «pj«'r i*rm *4 the mil 
ttf the spring </, the bnum plate p, the eartiou 4lti»h I- *»l4 
the platlniiin c'oiiiiict of tho sjiring /, haok lo the other |*«hi 
'battery, tUu MoouuUar|' ooU boiug pl«w;v4, m ts'fotw 





180 BLECmiGITY IN MODERN LIFE 

explained, in circuit with the line and receiyer. When the 
diaphragm e is thrown into vibration, the vibrations are 
transferred to the spring /, causing a variation in the press- 
ure between the platinum contact and the carbon disk A. 

According to Mr. Preece, from whose book on the tele- 
phone the above description is taken, the articulation of this 
instrument is inferior to that of many others for long dis- 
tances, although for short distances it is very good. Before 
proceeding to give an account of the manner in which the 
telephone is employed in commercial and every -day life, 
it will be of interest to notice briefly some special forms of 
telephonic apparatus. 

Edison'* s Loud- Speaking Telephone . — This instrument is a 
most ingenious form of telephone receiver based upon the 
discovery made by the inventor that if a metallic plate were 
allowed to slide over certain prepared surfaces, such as 
chalk moistened with an easily decomposed electrolyte like 
potassic iodide, the frictional resistance to sliding could 
be very greatly diminished by passing a current through 
the contact. The instrument is shown in Fig. 51. A is a 
chalk cylinder, which can be turned at a regular speed 
by a set of multiplying wheels driven by the handle W. 
C is a strip of platinum supported by a thin mica diapliragm, 
and made to press with a constant pressure against the 
cylinder by the spring S, which is capable of adjustment 
by the screw E. The current from the transmitter flows 
tnrough the support H to the chalk cylinder A, and thence 
through the platinum strip 0 and the wire D to earth. 

When the cylinder is made to rotate, the friction between 
\t and the strip C displaces the latter in tlie direction of 
motion, the displacement being greater the grea^r the 
friction. 
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Every variation in the undulatory current, sent through 
the contnefc by means of the transmitter, will produce a cor- 
responding variation in the friction, causing the mioa (hsk 
to vibrato in exact synebroniem with the diaphragm of the 
transmitter. Jnstrumonts of this typo were at one time sup- 
plied for use in private houses, but although they spoke 
much more loudly than the ordinary Boll receivers, they 
wore found exceedingly troublesome, because the cylinder, 
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but as tbe clockwork requires heavy weights to drive it, 
suck an apparatus is more suited for exhibition than for 
practical use. When carefully adjusted, its reproduction 
of speech and musical sounds is very loud and distinct. 
It may be of interest to illustrate this by describing some 
of the results which I obtained when using a very fine 
instrument of this character, which had been loaned by 
the United Telephone Company for a lecture on the Tele- 
phone, delivered in the schoolroom attached to a church 
in Kensington. The telephone company had, in addition 
to lending this and other apparatus, kindly connected the 
schoolroom for the evening with their exchange system, 
and in the course of the evening communication was estab- 
lished between the lecture-room and the telephone exchange 
at Brighton. The loud-speaking telephone was placed on 
its stand in front of the platform, and stood about five feet 
above the ground. A cornet-player had been sent down to 
Brighton, and played his cornet opposite a carbon trans- 
mitter of a form somewhat difierent from either of those 
described, and more suitable for the transmission of the 
musical notes, which were reproduced by the Edison instru- 
ment with the greatest clearness, and so loudly as to be 
hoard in every part of the lecture-hall. The voice of the 
speaker at the Brighton exchange was also very clearly 
reproduced; and although the reproduction was not so loud 
as in the case of the cornet, the words spoken were heard 
distinctly at a distance from twenty to thirty feet from the 
instrument. 

The Pholophom,—lTX the year 1878 Mr. Willoughby 
Smith discovered that when selenium was exposed to 
light its electrical resistance varied with the intensity 
of the light falling upon it, and shortly afterward Pro- 
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feasor 'W. G. Adams found tliat a ray of light falling upon 
a bar of selenium produced an causing the selenium 

under the influence of light to act like a small battery. Mr. 
Graham Bell and Mr. Tainter, after a long series of experi- 
ments, succeeded in constructing an apparatus in which this 
property of selenium was utilized for the reproduction of 
sound at a distance by the aid of luminous rays. The 
transmitter and receiver in their latest form are shown in 
Figs. 62 and 68. The transmitter, Fig. 62, consists of a 
simple telephonic box, B, provided with a mouthpiece and 



a membrane of mica plated with sHvw, forming a mirror 
on which rays of liglit are directed means of an araingo* 
ment of mirrors and lenses, such as M, £i, A in the dla^m, 
from seme powerful souroe, such as an elootrio lamp, or, 
bettw still, the sun. The rays, after reflection from the 
silvered surface of the membrane, are made parallel by pass- 
ing through the lens, jf#, and the position of the instmment 
is adjusted so that thigse rays may fall upon the pambolio 
reflector, CO, of the receiver, shown in Kg. 68. Till mir* 
xor is formed of copper, plated with rilv«r, Mid in its foom 
hi fixsd a imlenium cell. S, in drouH wdlh the baltory. 
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P, and a pair of telepliones, TT, wliicli are placed to tlie 
ears of tlie listener, as shown in the illustration. 

Dr. Chichester Bell’s Water- Jet Telephone Transmitter . — 
In the year 1886 Dr. Chichester A. Bell road a paper at the 
Royal Society on “The Sympathetic Vibrations of Jots,” in 
which he gave an account of a series of cxporiinonts, some 
of which led to the invention of the water-jot trans- 
mitter. When a jet of water issues from a narrow 
orifice it gradually becomes 
discontinuous, breaks up 
into drops, as shown in Fig. 

64, which is taken from an 
instantaneous photograph. 

One of Dr. Bell’s early ex- 

i periments in this direction 
consisted of producing 
sounds by communicating 
I , either mechanical or acous- 
1 1 tic vibrations to a jot of this 
I ^ kind. The apparatus om- 
. > ployed is shown in Fig. 65. 

? It consists of a membrane 
g of stretched India - rubber, 

• forming a cap to a brass 
* tube which can bo raised 
or lowered by sliding m a 
larger tube resting on a heavy stand. The uiiper tulio hat 
an orifice at one side of the upper end, to which is attaohod 
a vulcanite trumpet. When a jot of water is allowed to fall 
upon the stretched membrane, either mechanical or sound 
vibrations communicated to the jet can bo reproduced. 
The loudness and distinctness of the resulting sound both 
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Incroaso up to a certain point as the distance of the mem- 
brane from the orifice is increased, but after passing this 
point, thougii the sound continues to increase in loudness, 
it begins to lose its distinctness, until ultimately it becomes 
a more unmusical roar, when it will be foiind that the jet has 
become iliacontitmous above the membrane. When the jot 
is carefully ndjusUul so as to obtain the beat effects, the 
loudness of tins sounds produced is very striking; for exam- 
ple, if the board to whicdi the tube is attached is scratched 
with the linger, or if a watoh is held in contact with the 
tube, tins sounds produced cun be heard distinctly through- 
out a room containing several hundred jwoplo. If the jet 
is allowed to fall upon the top of a narrow vertical rod, it 
spnuuls out into a nappe; and Dr. Bell found that this 
nappe was capable of riaiponding to vibrations just like 
the jet, and it is this projjorty which is utilized in the 
construction of the water- jot transmitter. The principle of 
the instrument consists in including the nappe of a jet 
of conducting liqui<l in a circuit traversed by a current 
from a battery, and contaijiing an ordinary telephone. The 
nappe formed by the impact of a steady jet retains a con- 
stant diameter, but wlien thrown into vibration it uiulergtms 
periodic changes in diameter, and therefore also in resist- 
ance, which Dr. Bell considors to be duo in part to the 
changes in diameter, and in part to changes in the contact 
resistance, arising from the motions of the pnrticloa of 
liquid, so that the ourront passing through tho circuit un- 
dergoes (sorresponding oontinuous vibrations in strongth, 
as in other forms of telephonic transmitters. The simplest 
way of passing a current through it consists in allowing tho 
jet to strike normally upon tho oxjKisotl end of a platinum 
wire imbedded in an insulator which is impervious to, and 
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unafEected by, tke liquid employed, and wMcli is sur- 
rounded by a platinum ring whicb comes in contact witli 
the outer portions of the nappe. 

The most suitable liquid consists of water acidulated 
with about gJo of its volume of pure sulphuric acid. 

The battery must be of highE.M.F., but its resistance 
is of little consequence, owing to the high resistance of the 
transmitter. A battery of about twenty small zinc-carbon 
cells, charged with a solution of sal-ammoniac, gives very 
good results with the liquid described, but the number of 
cells may be increased with advantage, not, however, to 
such an extent as to electrolyze the liquid, as the noise 
produced in the receiving telephone by the escape of gas 
bubbles would drown the sounds due to the vibratory 
changes in the jet. The pressure required increases with 
the size of the jet, and with jets of the most suitable size 
a pressure of a little under three feet of water gives the 
best results. 

A simple experimental form of apparatus is shown in 
Fig. 56. The jet tube, J, is mounted on the sound-board 
S. The receiving surface is formed by the end, E', of an 
ebonite plug. A platinum wire, E, passes water-tight up 
the plug, and its upper exposed surface forms the inner 
electrode of the transmitter. The outer electrode, B', con- 
sists of a small tube of platinum foil concentric with the 
upper extremity of the wire E, and insulated from it by 
the ebonite; After it has been fitted on, the top of the 
ebonite plug is turned off, so as to present a smooth con- 
tinuous surface, slightly convex. 

Fine platinum wires welded to E and E' serve to connect 
them with the terminals of the circuit. 0 is an ebonite cup 
wMch supports the plug, and receives the waste water which 
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escapes tTirougli tie tuie T. F is a filter, closed by screw 
caps, K and K'. Tirougi tie upper cap pass two tubes, 
X and Y, wiici are connected witi a reservoir and tie jet 
respectively, by means of black India-rubber tubing. Two 
perforated ebonite disks are fitted witiin tie cylinder, and 



Fig. 66. 


tie space between tiem is tigitly packed witi coarse cot- 
ton, wiici ias been freed from grease by soaking in a solu- 
tion of caustic potasi, and been tiorougily wasied witi 
dilute sulpiuric acid and water. Tie filter is necessary to 
keep back particles of dirt wiici migit stop tie orifice, and 
also air. bubbles, tie presence of whici sets up vibrations 
and gives rise to a crackling sound in tie receiving telephone. 
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I haye made some experiments witi an instrument of this 
kind, but with the jet pressed laterally against the sound- 
board, which was about a quarter of an inch thick, and was 

fixed in a vertical position. It 
reproduced with perfect distinct- 
ness the voice of a person speak- 
ing in the tone of ordinary con- 
versation at a distance of twenty 
feet from the instrument ; and 
when standing in a room with 
an open window, it reproduced 
the sounds of a piano played in 
a room, in which there was also 
an open window, at the opposite 
side of the street. On another 
occasion I succeeded in obtain- 
ing an exceptionally clear and 
pure reproduction of the voices 
j of four boys singing in unison in 
a room in which the transmitter 
was placed. When the Edison 
loud-speaker previously referred 
to was used with this transmitter, 
in place of an ordinary Bell re- 
ceiver, very good results were 
also obtained. This form of ap- 
paratus is, however, not suitable 
for practical work, as in addition 
to its requiring separate vessels 
to act as reservoir, and to receive the waste liquid respec- 
tively, it requu^ careful adjustment whenever it is to bo 
Bsed. Tlie inventor Las recently devised an apparatus 
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(shown in Fig. 67) which combines simplicity and certainty 
of action with durability. The whole apparatus is inclosed 
in a case of teak or mahogany about three feet high, and 
is protected in front by a cover which opens on hinges, 
and is provided with a lock and key. There is a round 
aperture protected by crossed copper wires opposite the 
transmitting jet, and in using the instrument the mouth of 
the speaker is placed at a distance of a few inches from this 
aperture, as it is neither requisite nor desirable to have 
a jet as sensitive as that of the experimental apparatus 
previously described. 

The electrodes in this instrument are formed of a plati- 
num wire passing up the centre of a glass plug and a con- 
centric ring of fine platinum wire, glass being used instead 
of ebonite on account of its being found more durable. 
The jet and plug are contained in a glass tube attached to 
a wooden box, resting on the bottom of the case, which 
receives the waste liquid. 

The glass plug is rigidly fixed in a vertical position, and 
the jet is centrally adjusted over it by moans of the four 
screws shown at the upper end of the containing tube. The 
filter is aeon on the left-hand side of the jot; its exit tube 
has its extremity enlarged into a bell wliich contains the 
cotton, and the fibres of this are prevented from passing into 
the narrow part of the tube by means of a piece of cotton 
material placed at the top of the bell. The reservoir con- 
sists of a second box similar to the first, placed at the top 
of the instrument, and is filled by taking out a screw plug 
in the centre of its upper side, and pouring the liquid in 
tiirough a funnel. 

The terminals of the receiving telephone are connected 
witii the two left-hand binding screws, the lower one of 
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■ffliicli is connected to one electrode of tlie transmitter, and 
the upper one to a pair of springs which make contact with 
the lever from which the telephone is suspended, when the 
latter is removed and the supporting hook is allowed to 
rise. The other electrode is connected with the lowermost 
of the binding screws on the right, which is put to earth 
through the battery; the central right-hand binding screw 
is in permanent connection through the call apparatus 
with the line, and also with a spring which luakcs con- 
tact with the telephone lever when the telephone is hung 
up. To speak through the instrument the telephone is 
taken off, but the hook end of its supporting lover is pre- 
vented from rising by means of the vertical lever sliown. 
The handle on the right-hand side of the case is now de- 
pressed, when a pin on its lower end draws back the vertical 
lever and allows the telephone hook to rise, placing the 
telephone in circuit with the lino. 

The telephone lover in rising pushes up a brass rod 
hinged to it, thus lifting the left-hand end of the levi'r 
above the reservoir, and opening a valve which allows the 
fluid in the reservoir to flow down an ebonite tube on 
the left-hand side into the filter. A second ebonite tube 
passes from the filter and opens into the top of the reservoir 
to allow air to escape iininodiately, if the filter has run 
partially dry from the instrument remaining unused for 
some time. The depression of the right-hand lever at the 
same time compresses an India-rubber bag shown in the cen- 
tre of the case, and thereby drives air into the lower box 
through an ebonite tube seen on the right-hand aide, whicdi 
is provided at its upper end with a valve opening inward, 
and forces liquid from the lower reservoir, through the other 
ebonite tube on the right hand, into the upper reservoir. 



THE TELEPHONE 


191 


The amount of liquid pumped up by one depression of 
the lever is sufficient for about seven minutes’ conversation, 
and as the average length of a conversation would usually 
be less than this, there will be enough liquid in the upper 
reservoir to allow of a longer conversation as often as it is 
likely to be wanted, without pumping up fresh fluid, which, 
however, does not interfere in any way with the conversa- 
tion being carried on. The object of the control lever, 
which keeps the telephone out of circuit until the right- 
hand lever is depressed, is to prevent users from forgetting 
to pump up a fresli supply each time. 

The iTustruinent is chiefly valuable for use on trunk lines 
over long distances, as any leakage on the line can be com- 
pensated by using additional battciy power, ami very good 
results have been obtained with it on lines upward of a 
hundred miles in length, and passing through six or eight 
exchanges, and therefore subject to a considerable amount 
of leakage. 

The Phonograp?L — The phonograph is not an electrical 
instrument, and therefore some apology is needed for giving 
a description of it in a volume devoted to the |>rHetic4il 
applications of electricity. Historically, however, it is very 
olosely related to the telephone, as it was Mr, Edison’s 
telephonic invoatigations which led up to the invention of 
this instrument. 

Gfraham Bell, by his invention of the speaking tele- 
phone, had made it possible for conversations to ha carried 
on irrespcictive of the distance separating the spemkeri. 
Mr. Edison flupplementod this by his invention of an in- 
itrument which in its |)reHent form enahlos spoken words 
and other sounds to be permanently reconled and wpro- 
duwd mt will at any future time. Some more or Imu sae- 

SCIEHCE— VOU XIII— 0 
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cessful attempts have, moreover, been made by Mr. Edison 
to combine the phonograph with the telephone, so as to 
enable messages sent through the telephone to bo recorded 
at the receiving station in the absence of a listener, and 
repeated by the phonograph at any convenient time. 

These considerations, combined with the great interest 
attaching to the invention, will, I trust, be considered as 
affording sufficient ground for what at first sight might 
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seem like a somewhat arbitrary deviation from the plan of 
the present volume. 

The original form of the instrument, as designed in the 
year 1877, is shown in Fig. 68. It consisted of a brass 
cylinder upon which a spiral groove was cut, mounted upon 
a screw-threaded axis, and capable of being made to rotate, 
and at the same time move onward in the ilirection of its 
length, by means of a handle. A heavy lly-whool attached 
to the end of the shaft opposite to the handle enabled an 
approximately uniform rate of rotation to be maintained. 

A sheet of tin-foil was wrapped round the brass cylinder, 
find on this rested a metallio point attached to a metal 
diaphragm stretched underneath a mouthpiece, as shown 
in the illustration. When the mouthpiece was spoken into, 
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the diaphragm was set in vibration, causing the latter to 
vibrate np and down against the tin-foil just above the 
helical groove-cut in the cylinder, and make a series of 
indentations of varying depth in the foil. The reproducing 
arrangement consisted simply of a second diaphragm, held 
in a tube on the opposite side of the brass cylinder, and 
a metal point which was held against the tin-foil by means 
of a delicate spring. This mouthpiece could be placed in 
contact with the cylinder, or lifted oil it, by means of a 
lever working upon a pivot, and when it was desired to 
reproduce speech or other sounds from the tin-foil record, 
this mouthpiece was simply placed against the cylinder, 
the trumpet shown at the right-hand side of the illustration 
being attacdied to the end of the t\ihc to increase the loud- 
ness of the sound, ami the cyliudcr was made to rotate in 
the same direction, and as nearly as possible at the same 
speed as while the record was being made. Much more 
satisfactory results were obtained from this instrument 
when the handle for turning the brass cylinder was replaced 
by means of clock-work, and a very beautiful instrument 
of this kind was made by Mr. Stroh; and was exhibited, 
together with an instrument of the original type, by Mr. 
Preece, at a lecture ilelivcred before the Physical Hociety 
of London in March, 1878. This was the first {>ublio exhi- 
bition of the new invention in this coimtry, and it c^xcrited 
the greatest interest, the lecture-room of the Society hdng 
crowded with memberB and their friends. 

''Idle metdang itself was perhaps the most uproarious 
meeting of a learned socriety on re<‘ord; the tncclianieal re- 
production, in a very ‘Hinny’' voice, of such familiar rhymes 
as “Old mother IIul>hard went to the <nipl>oard, “ and “We 
don’t want to light, but by Jingo if we do,” the latter of 
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which was then a favorite music-hall ditty, exciting roars 
of laughter among the audience. Considerable amusement 
was excited by a gentleman who attempted to sing the 
words of “Auld Lang Syne’' into the instrument. After 
completing the line ‘‘Should auld acquaintance be forgot,” 
he found that he was singing too high, and he called out 
to Mr. Stroh, who was superintending the instrument, “Stop 
a minute; I will go on in a lower keyl” This he proceeded 
to do, but as he had forgotten to take his mouth away from 
the instrument while making his sudden ejaculation, the 
instrument, in reproducing the song, stopped, and repeated 
the observation in exactly the same hurried tone in which 
it was originally made, after which it sang the rest of the 
song in the proper key. 

Edison’s original instrument, however, was nothing more 
than a toy, for in the first place it required very careful 
adjustment; and several attempts often had to be made, 
with a fresh piece of tin-foil each time, before the machine 
could be got to speak; and in the second place, after the 
sounds had been reproduced two or three times, the record 
became worn out; while, lastly, it was impossible to remove 
the tin-foil from the cylinder and replace it without injury. 

Edison made a great many attempts to remedy these 
defects, and among others he tried the effect of using a wax 
cylinder with tin-foil stretched over it, and actually took 
out a patent for this arrangement. His attempts, however, 
were unsuccessful, and ultimately he laid the instrument 
aside, for reasons which it may be as well to give in his 
own words, quoted from an interview published in the 
“Electrical World” — a New York paper — on November 
12, 1887. Speaking of the phonograph, Mr. Edison said— 
“It weighs about ^ne hundred pounds; it costs a mint of 
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money to make; no one but an expert could get anytbing 
back from it; the record made by tbe little steel point upor 
a sheet of tin-foil lasted only a few times after it had beer 
put through the phonograph. I myself doubted whethei 
i should ever see a perfect phonograph ready to record anj 
kind of ordinary speech, and to give it out again intelli- 
gibly. But I was perfectly sure if wc did not accomj)li8li 
this, the next generation would. And I dro|)ped th€ 
phonograph, and wont to work upon the electric light, 
certain that I had sown seed which would come to some- 
thing. ” Mr. Edison’s expectations were realized soonci 
than he anticipated. In the spring of 1881 an arrangernenl 
was made between Alexander Graham Bell, the inventor ol 
the telephone, Dr. Chichester Boll, and Charles Sumnet 
Taintor, resulting in the formation of the Volta Laboratory/ 
Association; this name being given to it because the capital 
with which the first start was made was provided by th« 
Volta prize of 60,000 francs, which had been awarded to 
Graham Bell by the French Government for his invention 
of the telcfihonc. The object of this partnership was stated 
to bo “the study and elaboration of ideas, iiuumtions, and 
discoveries relating to the art of transmitting, recording, 
and reproducing sounds.” 

The actual work was mainly done by Dr. Cluohestei 
Bell, a trained physicist, and Mr. Taintor, an exceedingly 
skilful and ingenious mechanic. The first part of their 
work consisted in studying the causes of faihms in the 
phonograph, and they soon came to the conclusion that 
tin- foil or any other plialilo suhstanoo wjis unsuitable, and 
that the record should bo produced on a plate of some solid 
material; and also that a satisfactory reproduction could not 
he obtained by any process of indentation, but that a cutting 
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style must be used, adapted to'^ grave or gouge out the 
material acted upon, in a groove, tbe bottom • of wliicli 
would thus be made to form a continuous wavy curve. 
This substitution of a continuous curve for the separate 
indentations of Edison’s instrument was as great an im- 
provement upon the original phonograph as that which 
Graham Bell had effected in the telephone by substituting 
a continuous undulatory current for the series of intermit- 
tent currents produced by making and breaking contact in 
Eeis’s telephone. 

After trying a largo number of substances, a kind of 
wax containing a considerable proportion of paraflin was 
found most suitable, and after some years of continuous 
work a phonograph was produced, capable of reproducing 
sounds with great clearness, and apparently an unlimited 
number of times, the same wax cylinder having boon made 
to repeat the words engraved u}>on it more tluui a thousand 
times without showing any signs of deterioration. 

The instrument was called tlie (TraplH)})hono or Gra])]u)- 
phone-Phonograph, in order to distinguish it from Edison’s 
original instrument. It was completed in the year 1886, 
and was exhibited privately to one of Edison’s associates 
at Washington, and also to some membcrB oC the Edison 
Phonograph Company, which had been formed soon after 
the invention of the original instrument, and wluni it was 
still hoped that it might be made a ])ra.(;tieal su(/>(‘c‘,sh. 4die 
instrument was patented in the following ycijir. 

Its present form is shown in Eig. 59, whie.h exhil)it8 an 
operator speaking into the instrument, while Fig. 60 shows 
the operator receiving a message, and writing it down on a 
typewriter. The cylinders are made of paper covered with 
a thin layer of wax, and are held in position in the machine 
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by being gripped between conical projections on a pair of 
pulleys turning about axes in the same straight line. The 
cylinder is made to rotate by means of a driving-wheel 
worked by a treadle, and controlled by a governor of exceed- 
ingly ingenious construction, the invention of Mr. Tainter. 
This governor is so constructed that, as long as the speed 
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of the driving-wlieel c.xeeeds a certain mininuim, the 
speeil of the eyliiider is iiiaiutained almost alKsolutidy eou- 
Btaiit. The <‘.yliiider is lutt made to move forwurtl us in the 
original idioniigrajdi, but, iiiMteud of this, the cutting stylo 
with its diajdirngm, or the r«'eorder, us the cuse may he, in 
made to move along an axle with a screw-threud cut in it, 
which rotates parallel to the a-vis of the cylimler. While 
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the machine is running, the motion of the cylinder and 
style can be started or stopped instantaneously by simply 
pressing a button, which is a great convenience both in 
dictating to th6 machine and in writing down from its dicta- 
tion. In speaking to the instrument the operator is thus 
able, at the end of a sentence, to stop the motion of the 
cylinder, and so prevent any waste of space while he is 
thinking over the composition of his next sentence; and 
again, a clerk writing from the dictation of the instrument 
can take off as few words as he likes at a time, so that he 
can write down the record without any difficulty, either 
with a pen or upon a typewriter. Some of the instruments 
first made were constructed so as to speak loudly enough 
to be heard by a number of persons together without the 
assistance of a hearing tube. 

This was effected by cutting the screw-thread of the axle 
which drives the recorder and transmitter rather coarsely, 
so as to leave a comparatively wide space between the 
different portions of the helix forming the record. 

In all the instruments which have hitherto been imported 
into this country, however, the thread is cut much finer, 
with the object of enabling as many words as possible to be 
put on each cylinder, and thereby minimizing the number 
of cylinders req[uired. This necessitates the use of hearing 
tubes, as shown in the illustration, Eig. 60. For practical 
use this does not cause any inconvenience. One of the 
great advantages of the graphophone for practical purposes 
is that, when the machines have been properly adjusted at 
the factory, no further adjustment is required in using 
them, and the cylinders can be put in or taken out in a 
moment 

Within the last year or two Mr Edison has again turned 
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Eig 62 is a plan of tlie exchange system existing in 
London at the beginning of 1888. The exchanges are de- 
noted by circles, which are placed so as to make the diagram 
as simple a one as possible, and not in their relative geo- 
graphical positions. 

Each of the exchanges is connected by one or more 
trunk wires, as they are called, shown by dotted lines in 
the diagram, with the central exchange at Oxford Court, 
Cannon Street The continuous lines show the wires con- 
necting the local exchanges, and the small figures attached 
to those lines show the number of wires between each pair 
of exchanges. There are at present about five thousand 
subscribers in connection with this system of exchanges, 
including the subscribers at Brighton, which is in connec- 
tion with the London system. 

Every subscriber has a telephone fixed in his own house 
or oflice, and when he wishes to speak to another subscriber 
he goes up to I: is telephone and makes a call signal. This 
is transmittoci to the local exchange with which he is con- 
nected, and one of the clerks at the exchange immediately 
replies to him. He thou states the imml)or o£ the aubsoriber 
with whom ho wishes to speak, each subscriber having a 
certain number assigned to him. If the subscriber with 
whom he wishes to communicate is on the same local ex- 
change, the clerk at once makes the required • connection, 
provided the wire of the latter is disengaged— that is to say, 
if the latter Bubscriber is not actually using his telephone in 
speaking to some one else. If the second subscriber is on 
a diiterent local exchange, the clerk, if there is a direol 
wire connecting the two exchanges, signals his numbet 
to the second exchange, and then the clerks at the two 
exchanges connect the telephone wires from the houses ol 
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tlie two subscribers, through the wire joining the two ex* 
changes. If, on the other hand, there is no wire directly 
connecting the two exchanges, the clerk at the first ex- 
change calls the central exchange at Oxford Court, and 
indicates the subscriber with whom 
communication is to be established. 
The clerk at the central exchange then 
passes on the number to the proper 
local exchange, and the clerk there 
sends a call signal to the subscriber, 
and then connects him to the trunk 
wire at Oxford Court, so that the two 
subscribers are placed in communica- 
tion through the central exchange. 

The manner in which these opera- 
tions are carried out is fairly simple 
and easily understood. The set of tele- 
phone apparatus with which each sub- 
scriber is supplied consists of a carbon 
transmitter of the Blake pattern, a Bell 
receiver, a battery, and a small mag- 
neto-machine worked by a handle, for 
making the call signals. 

The telephone is suspended from a 
hook similar to that used in the water- 
jet transmitter, described in Chapter 
XII. While the telephone is on its 
hook the subscriber turns the handle 
of the magneto to call the exchange; he then takes the 
telephone off the hook, thereby throwing the magneto out 
of circuit, and connects his receiver with the line as then 
described, except that thn connection with the line is made 
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directly when the hook rises, instead of by the subsequent 
motion of a lever. 

The exchange is provided with an instrument called 
a switch- board, and it will be easier to understand the 
process followed by considering in the first place a switch- 
board of a somewhat simpler construction than those usually 
employed in the London exchanges. 

Fig. 03 shows a simple form of switch- 
board adapted for fifty subscribers. 

When the person who wishes to call 
the exchange turns the handle of his 
magneto, a current is sent through the 
line and the coils of a small electro- 
magnet placed at the back of the \ipper 
part of the board, immediately behind 
one of the drop-shixtters shown in the 
illustration. The electro-magnet, being 
excited by this current, lifts a small 
catch, which allows the shutter to drop, 
disclosing the number of the sub- 
scriber. The clerk at the exchange 
then presses a plug connected with his 
own transmitter and reoeiver into one of 
the holes, shown in the lower portion 
of the board, marked with the same 
number as the one disclosed by the fall 
of the shutter. Tliis connects the operator by means of 
■what is called a “ spring-jack, ” shown in Fig. 6 - 1 , placed 
at the hack of the board, with the calling subscriber. 

The contact plixg passes through the collar sho'wn in the 
lower part of the illustration, and makes contact ■with 
the left-hand spring at the same time lifting it off the 
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contact button shown, and thereby breaking its connection 
with the right-hand spring. The left-hand Bpring is insu- 
lated, and in connection with the calling subscribcrhs wire, 
while the right-hand spring is earth-connected. When the 
operator has introduced his plug, he replies to the calling 
subscriber by means of his transmitter, and then listens at 
his receiver until the subscriber who called has stated 
the number of the subscriber with whom he wishes to 
communicate. 

When this has been done the operator inserts his plug 
into the opening of the spring- jack corresponding to tlie 
subscriber who is to be called, and presses a key, which 
sends a current into the lino, from a battery or other gen- 
erator at the station, and rings the latter subscriber’s boll. 
The operator then removes his own plug and places the two 
subscribers in connection by taking up a pair of plugs 
connected by means of a flexible wire cord, as shown in 
the illustration. They can then carry on conversation 
as long as they wish, and when they have linivshod each 
subscriber turns the handle of his magneto, and the current 
from this causes one of the clearing-out drops at the bottom 
of the board to fall, indicating to the clerk at the exchange 
that his line may be cleared. Sub8cril)erB often forgot to 
give the clearing-out signal when they have finished their 
convoi'sation, and an automatic arrangement is thertiforo 
sometimes adopted, which sends a clearing-out signal as 
soon as the subscriber has replaced his telephone upon 
its hook. 

If a number of switchboards, sucli as tliat shown in Fig. 
63, were used in an exchange in connection with a largo 
number of subscribers, arrangcmcntB would have to bo made 
for making connections across from one board to the other^ 
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and an operator on one side of tlie room would fre- 
quently have to shout across the room to one on the 
opposite side in order to tell him to make the required 
connection. An arrangement of a similar character was 
actually employed in the earlier exchanges. The method, 
however, is very inconvenient, owing to the confusion 
caused by operators calling to each other from all parts 
of the room, and the multiple switchboard, a compara- 
tively recent invention, is now gradually displacing all 
such systems. 

The general arrangement of a multiple switchboard 
is shown in Fig. 65, which illustrates the multiple board 
at the Manchester Exchange, and shows the operators at 
work. Eacli operator has to attend to a group of as many 
subscribers as she can conveniently serve, and the drop- 
shutters and aimunciators belonging to these groups of 
subscribers are seen on the- lower section of the board* 
Each subscriber to the exchange is connected to a group of 
spring-jacks placed on tlie upper section of the board, and 
distributed in such a nuinncr that one of them can be reached 
by every o])erat()r without moving from her place. Tlra 
plugs for making the connection, and the flexible conduc- 
tors connecting thorn, are the same as those already de- 
scribed, but the spring-jirnks are slightly modified, being 
oonstructecl and connected up in such a manner that the 
line coming from a subscriber passes behind the l)oard and 
through all the spring-jacks of the same number without 
touching their metallic framework, and finally goes from 
the electro-magnet of the annunciator to earth. When a 
plug is introduced into one of tlie switch-holes, for instance, 
that of the middle section of the board, the line passes 
directly to the plug and its flexible corcL To explain how 
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connection is made between the subscribers, suppose that 
No. 26 has called the exchange. 

The shutter of his annunciator then falls, exposing the 
number, 26, and the operator takes a pair of plugs attached 
to one of the flexible cords, and inserts one of them into the 
spring-jack No. 26, at the same time depressing a key at 
the bottom of the board, which places her own sot of telo- 
pnone apparatus in circuit with the telephone wire of the 
calling subscriber. She then inquires what number ho 
wishes to speak to, and I will suppose that No. 26 Informs 
her that he wishes to speak with No. 876. The clerk then 
touches the spring-jack No. 876 with tho plug attached 
to the further end of the flexible cord, one end of which is 
already in connection with No. 26. If the lino is engaged 
she will then hear a noise in her telephone, but if no noise 
is heard she knows that the lino is free, and she then inserts 
tho plug and presses a second key, sending a current from 
a generator at tho exchange to No. 876, thereby ringing his 
bell. She then lifts her hand from the call key, and tho two 
subscribers are in communication. When the conversation 
is finished the subscribers turn the handles of their magneto 
call bells, causing the clearing-out drops to fall, and the 
operator then removes the plugs, which fall back, owing to 
the counterpoise attached to them, to their original position. 

In this coxintry the use of tho tolophonc is almo.st entiredy 
confined to business mon, and to them it is of the utmost 
possible value, owing to tho rapidity with whic.h communica- 
tions can be made and replied to. In all tho largo American 
towns, however, it is extensively employed in private 
houses; and, as all the principal shops are on the exchange, 
the mistress of a house can sit down to the telephone and 
order whatever she may require during the day. 
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The houses or offices of the professional men, and the 
cab-stands, are also in connection with the exchange, so 
that, for example, if a doctor is wanted in a hurry he can 
be called in a moment by telephone, and on receiving 
the message he can at once call for a cab, which he will 
find waiting at tlie door almost as soon as he is ready to 
start. Fire and police stations are also in connection with 
the exchange, so tliat if a fire breaks out in the house, or 
if burglars break in during the night, assistance can be 
obtained at once. 

I will conclude this chapter by an instance, which came 
within my own personal knowledge, of the value of the tele- 
phone for sucli purposes. A banker at a town in the United 
States was one night absent from home, and his wife was 
left with only women servants in the house. After she had 
retired to rest she heard some noise proceeding from the 
' lower part of the house, which led her to believe that 
burglars had obtained an entrance. She at once got out 
of bed as quietly as possible, went into her dressing-room, 
where a telephone was placed, called the police and asked 
for assistance. In the course of a very few minutes a party 
of policemen arrivc<l and (‘aptured throe negroes who were 
engaged in robbing the housa 
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CHAPTER XIV 

mSTEIBUTION AKP STOEAaB OF ELECTRICAL EKEEGY 

T he great extent to which electricity is now being 
employed for lighting purposes, and also for driv- 
ing machinery, makes the question as to the most 
efficient and economical means of distributing and storing 
electrical energy one of great and increasing importance. 

When the electric current has to be carried to any con- 
siderable distance, the electrical energy can be transmitted 
with greater economy, the higher the clcctro-inotive force 
of the current. The reason of this is that the amount of 
energy which can be obtained from a current docs not 
depend merely on the strength of the current, but is pro- 
portional to the strength of the current multiplied by the 
electro-motive force by which it is driven through the con- 
ductor. The case is very similar to that of distributing 
water for the purpose of driving machinery by moans of 
turbines, the amount of work that can be obtaiiuul by pass- 
ing a given volume of water through a turbine increasing 
with the pressure at which the water is supplied. 

Now it has been pointed out in an earlier chapter tlmt 
when an electric current traverses a conductor a certain 
amount of its energy is wasted in the form of lieat, and the 
quantity of heat developed being proportional to the square 
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of the current strength and to the resistance offered by the 
conductor, it follows that with a high electro-motive force 
a smaller current will be required to supply a given amount 
of energy than when the electro-motive force is low, and 
therefore smaller wires can be used for conveying it without 
leading to an undue production of heat. 

In the case of currents supplied from central stations for 
electric lighting and other purposes, the electro-motive force, 
or electric pressure, developed by the dynamos is usually 
about two thousand volts. Currents at this pressure can be 
employed directly for supplying energy to a number of arc 
lamps, connected in series, for lighting open spaces or large 
public buildings, where the lamps do not have to be lighted 
up or put out one at a time. It would not do, however, to 
introduce a current of this pressure into a private house, for 
in the first place it would be exceedingly dangerous to life, 
and is therefore forbidden by law; and even if it were 
allowable, it would only be possible to use it for incan- 
descent lighting, by joining a very large number of lamps 
in series, and starting or putting tliern all out at the same 
time. 

Some method must therefore be adopted of transforming 
the current down to a much lower pressure. If the current 
is only to be used for electric lighting, it may be supplied 
directly to the houses- from alternating dynamos at the cen- 
tral station, and transformed down to a low pressure, gen- 
erally about one hundred volts, on entering the house, by 
means of a piece of apparatus known as a transformer. 
This instrument is very similar in its general character 
to the induction coils described in a previous chapter. 

It will be remembered that an ordinary induction coil 
consists of a short thick coil of copper wire, wound round 
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an iron core, and carrying a current of low electro-motive 
force. This current is made intermittent by means of a 
contact breaker, and at make and break, secondary cur- 
rents are induced by it in a very much longer coil of fine 
wire wound outside the primary coil By means of such 
an instrument a current of low electro-motive force is made 
to give rise to one of much smaller strength, but of corre- 
spondingly higher electro-motive force. A transformer may 
be considered as practically an induction coil in which the 
primary and secondary currents are interchanged, and the 
contact breaker is done away with, since the current is an 
alternating one as it comes from the dynamo. 

In this system the circuit containing the lamps in a 
house is complete in itself, and has not any direct con- 
nection with the dynamo circuit The currents which 
energize the lamps are secondary currents of low electro- 
motive force, but of considerable strength, produced by a 
primary current of much higher electro-motive force and 
lower strength. The transformer is fixed in any convenient 
place in the house, being inclosed in an iron case and kept 
under lock and key, so that the dangerous currents are 
inaccessible to the inmates of the house. 

Another method of distributing the current is by means 
of secondary batteries. It has already been pointed out that 
no primary battery has yet been discovered capable of sup- 
plying electric current economically upon a large scale; but 
not many years ago Plante discovered that when an arrange- 
ment composed of lead plates, having their outer surfaces 
reduced to a spongy form, and immersed in dilute sulphuric 
acid, was traversed by an electric current, the resulting 
chemical changes transformed it into a battery, so that 
when the charging circuit was interrupted, and the plates 
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which, had been connected to the two terminals of the 
dynamo, or primary battery, used for charging, were con- 
nected with each other, an electric current was produced, 
accompanied by a gradual restoration of the cell to its origi- 
nal condition, and that when this was attained the current 
stopped. 

The name of secondary battery or accumulator has been 
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giTon to a cell of thip kind, which acquires tlia property 
of producing an electric current by having a current piiHrtcd 
into it Tho original Plantd accumulator has been consider- 
ably improved by Kaurc and others, and one of those cellsi 
as now coiiHtrue.ted hj the Klcctrical Power Btorage Oom- 
pany, is sliown in Fig. 66. 

The plates are mmUj of sheets of lead perforated with a 
number of square pyramidal holes, hllod up, in altarnata 
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plates, witli a paste made of red lead and sulplmric acid, 
and litliarge and sulphuric acid respectiyelj. 

The terms accumulator and storage "battery are now in 
very general use, but the reader should bear in mind that 
what is stored up is not electricity, but electrical energy — 
that is to say, the power of producing an electric current. 
Storage batteries may be used instead of transformers in dis- 
tributing the current from the central station, but, as they 
require skilled attention, they cannot be })laced in the 
houses of consumers, and therefore have to bo distributed 
among sub-stations, each of which supplies a group of houses 
in its immediate neighborhood. 

The cells at each sub-station are connected up into a 
series of groups arranged in series— that is to say, with the 
positive plate of one cell in connection with the negative 
plate of the next, and so on; and in order to charge the 
battery, the high potential current from tlic central Htatiou 
is allowed to flow into a set of several groups couj)lod up 
in series. 

When the batteries are charged, the groups arc discon- 
nected and connected up in parallel — ^that is, all the nega- 
tive terminals connected together, and likewise the positive 
terminals, the cells in each group being still cotnie.citul in 
series. The number of colls in a group is regulaU^d so as 
to give a current of the desired ch'ctro-motivc force, from 
the sub-station to the eonsumers. '"riie curnuit pn^videil 
in this way, being continuous iu direction, is valuable, not 
only for electric lighting, but for driving motors or elecin)- 
plating. Alternating currants are not at present iiscd for 
working olectro-motorB, as no satisfactory form of motor 
has yet been devised to work with such curreiitB. Ilio 
mains carrying the currents from a central station may 
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cither be carried overhead on poles or laid underground* 
In towns they are usually carried underground, as the 
heavy cables required to carry large currents are not only 
unsightly when carried overhead, but form a source of 
danger in case of breakage, owing to their great weight, 
and to the fact that they carry currents dangerous to life. 
Distribution by means of accumulators has tho advantage 
of enabling tho electro-motive force to bo kcj)t oxtramely 
constant, and this is of the greatest importanco in oltHitrio 
lighting, as any variation in the electro-motive force causes 
a fluctuation or flickering in the light. Anotlior great ad- 
vantage of tho systoiu of distribution by means of acoumu- 
lators is that a much smaller plant is ro(|uired at the emitral 
station, because, under ordinary circuinstiuuu^s, the dtmnuul 
for current will bo much greater at certain ptu'iods out of the 
twenty-four hours than at others, ami when iiccuinulators 
are used the dynamos can be kept at work charging them 
daring the time when the demand is slack, tlicreby storing 
up energy to xnoct the heavy demand during the husier |iart 
of the day. When the distribution is l^y lufauH of 

transformers, sufliciemt engines ami dynamos Iiave to be 
provided to meet the greatest dtmiand tlmt cun possibly 
be made upon the station, and arrangeimmis have to lie 
mad© for throwing additional dynamos into the cireiiil m 
the number of lamps turned on irmrcaics, iiiitl this Itfis 
to be don© without causing any flickering In the 
which would be a great annoyance to consumerH. 

The disadvantages of accumulators are--tlicir liigli iiiitiitl 
cost, the expense of maintonimeo ami reiicwiil, wliicili w 
considerable, and the fact that ttn^y waste ii iiiiicli larger 
proportion of electrical cmergy than is doiio by a wiilb 
eonsfcruotod transformer. 
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There is another method for using current in the mains 
of a higher electro-motive force than is suitable for incan- 
defscent lamps or electro-motors, consisting in the employ- 
ment of a special method of distribution, known as the 
three-wire system, which was patented by I>r. Hopldnson 
in the year 1882. 

It is only applicable to the distribution, at comparatively 
low pressure, of continuous currents, and is therefore not 
suitable for use at central stations which have to supply 
large districts. It is of great value, however, when all the 
houses supplied are included within a small area. 

It is not in that case necessary to employ a very high 
* pressure in the mains, but it is of great advantage to employ 
a higher one than can be applied directly to the lamps. 
For example, the highest B.M.F. at which glow-lamps 
have been constructed to work is 100 volts, and by means 
of the threo-wiro system a pressure of some 200 volts may 
be employed in the nuvins. This is advantageous in two 
ways. In the first place, it reduces the effect of small varia- 
tions of potential at the dynamo terminals. For example, in 
the case considered, a variation of 6 per cent in the E.M.F. 
in the mains would produce a variation of only 2j4 per cent 
at the lamp terminals, so that the lamps would l)urn much 
more steadily. It also enables a much smaller weight o£ 
copper to be employed in the mains, and tlK‘rcd)y^ gr(‘a,tly 
reduces the cost of the installation, and onabU^s tlnis light 
to be supplied with profit at a lower raUj than would otlurr- 
wise he possihle. 

In this system two dynaxnos are employed, the lu^gative 
terminal of one being attached to one main, called the nega- 
tive main, and the positive terminal of the second dynamo 
to the other, or positive, main. The other terminals of the 
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two dynamos are attaclaed to a separate main known as 
tte balancing wire, and tbe lamps and motors eacb have 
one of their terjninala connected with this balancing wire, 
while the others are attached, in as nearly as possible e((xinl 
proportions, to the positive and negative main respectively. 
If the resistances of the lamps and motors in the two circuits 
are exactly equal there will bo no current along the balaiu!- 
ing wire, and the greater the iijequality tlie greater will 
be the current along this main. As the balancing wire has 
to carry much less current than the other two mains it is 
made much smaller, and this system of distribution is found 
to eilect a consideralxlc saving in the amount of copper 
necessary for the mains. 

When the electric current is carried from a central station 
to houses at a considerable distance the electro-motive force 
gradually diminishes as the distance from the station in- 
creases, and, as has been explained in a previous chapter, 
the fall of potential between any two points is proportional 
to the resistance between them; so that, if a good many 
consumers ai*o supplied from diJTeront points of the samo 
main, the lamps of those at a greater distance will not ho 
nearly as bright as those close to the station. In order 
to remedy this defect as far as possiblo, a system of feeders 
should be employed — that is to say, a series of mains should 
be provided running from the central station to various dis- 
tant portions of the house mains, no current lanng tukeu 
off at any intermediate portion of the feeder. 

This syHt(!m is extensively xisod on the C«)ntinent with 
very satisfactory rejsults, hut hitherto it has not been very 
generally introduced into this countiy. When streot lamps 
are lighted hy electricity the current is nstially supplied at 

an annual charge for (“ach lamp, definite stipulations of 
SciSNOB — Vok XIII — 10 
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course being made as to the number of hours during which 
the lamps are to be kept alight. In private liouses, how- 
ever, or in factories or workshops where the current is used 
cither for giving light or for working electro -motors, the 
current is usually charged for according to the amount 
consumed. 

Meters which measure the amount of current passed 
through them, just as gas-meters measure tlie amount of 
gas, arc fixed in the houses; hut these meters do not, as 
in the case of gas-meters, absolutely insure the consunun's 
getting what they puy for, for the ehu^trical energy olitain- 
ahlo from the current dcjicnds on the clcetro-motivc force 
as well as on the quantity, so tliat if the former is allowed 
to fall below a certain value the consumor will bo l>aying 
too high a price for his supply. Unfortunately, no com- 
pletely satisfactory simple motor has yet been devised 
for measuring electrical energy instead of simphs ctirrent 
strength; hut a good many inventors are working at the 
subject, and we may hope that before long they will 1)0 
successful in producing a simple and ellicicnt meter of the 
kind so urgently required. 

The diSerent forms of meter employed for measuring 
the amount of current supplied are far too numerous for 
me to attempt to give a detailed description of them, for 
hardly a week passes witlumt a new one being ]>at(mted. 

The first curront-meter was invenUul by Kdison, who 
exhibited it at the Paris Exhibition in 1881, since which 
time it has been very largely employed in moaHuring cur- 
rents supplied from central stations. In its original form 
this meter consisted of a pair of copper |>lateB suBpended 
from the ends of a balanced beam, and dipjiing into a solu- 
tion of sulphate of copper. 
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A continuous current passing tlirough the solution car- 
ried the copper from one plate and deposited it upon the 
other until the difference of weight was sufficient to tip over 
the balanced beam. When this happened it was registered 
by means of a counting mechanism, and at the same time 
the direction of the current through the meter was reversed, 
so that the copper was caiTied from the heavy to the light 
plate until the latter became heavy enough to tip up the 
beam and again reverse the current. 

In this way the process went on continuously. The 
whole of the lighting current was not sent through the meter, 
for unless this were to be made of immense size the resist- 
ance would be so great as to reduce considerably the strength 
of the current, juul therefore the meter was atta,chcd as a 
shunt to the main cinniit, and was traversed only by a frac- 
tion of the whole current. 

The meter in this form was, however, found to be open 
to serious objections. The resistance of electrolytes is 
always found to diminish as the temperature increases, 
while that of metallic conductors incrc^ases with the tem- 
perature. In hot weather, therefore, the rc‘.sistancc of the 
sulphate of cop])cr would bo diminisluul, while that of 
the cojvper lead would l)0 incnuised, causing a larger ju'o- 
portion of the total curr<mt to go througli the meter in hot 
weather than in cold. 

The making and breaking of contact necesBitatecI by the 
use of a commutator, for reversing the current, also led to 
endless trouble, bo that the meter had to be moditicd, and 
in iis |>r(^scmt form zinc platens dipping into a solutiim of 
sulphate of zinc arc employed. Tlie plates are examined 
and weighed once a month, and fresh ones are inserted as 
the old ones are worn out. A tliouBaiulth part of the total 
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current is usually sent tlirougli tlie meter; and tlie propor- 
tion of current going tlirough the meter is maintained fairly 
constant within a considerable range of tenipcrature, by 
placing a copper resistance in series with the solution, so 
that when the temperature rises the increase in the resistance 
of the copper may balance the decrease in the resistance of 
the solution. The alternative path of the current is made 
of German silver, the resistance of which changes very little 
with the temperature. These meters may be (hiptmded on 
to about 3 i^er cent, and arc in very general use. 

Professors Ayrton atid Perry have designed an entirely 
different type of meter intended to fulfil the condition, the 
desirability of which I have already pointed out, of meas- 
uring the electrical energy directly instead of merely the 
strength of the current. 

The instrument consists essentially of a good clock, 
the pendulum bob of which is formed of a (‘.oil having a 
resistance of about a thouKsand ohms. A coil of short thick 
wire, having only a small rosistance, is fixed to the clock 
case, parallel to the coil forming the pendulum bob. 

The current, as it enters the house, passes through this 
coil of thick wire, from which it is carried to the lamps, 
motors, or other electric machinery in the house, and then 
passes away to the street main, or to another house. ''Pho 
terminals of the lino wire coil of the ptnnlnlum pass up the 
pendulum rod, and one of them is conneeU'd U> tlu^ t(*nninal 
of the thick wire coil where the current emUn’s, the other 
being connected, by means of a fine wire, to the house 
main where it leaves the house. 

The current passing through the pomlulum bob will tlicm 
depend on the difference of the electro- motive forces in the 
main, where it enters and leaves the house respectively, 
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whereas the current passing through the thick wire coil is 
practically equal to the total current working the lamps and 
motors. Now the amount of energy absorbed in the house 
is proportional to the product of the strengths of these two 
currents, and whatever variation may take place either 
in the strength of tne current, or in the electric pressure, 
the loss of the clock in that time, due to the mutual actions 
of the currents, will be exactly proportional to the amount of 
energy absorbed. This meter has been somewhat modillod 
and improved by Dr. Aron in Germany, and is used in con- 
nection with the Berlin central stations. 

Among the meters which have been designed for use 
with alternating currents I will only mention two as 
types. 

The first of these has recently been devised by Mr. 
Schallenberger, electrician to the Westinghouso Company 
at Pittsburg, in the United States. It consists esBentially 
of a circular iron disk mounted upon a vertical axis, and 
connected with a train of mechauisni to count its revolutions. 
A coil of wire carrying tlic current to bo measured is wound 
round one of the diameters of this disk, and a second coil, 
having its terminals connoe.hMl togetlu'r, so as to form a et)ni- 
plcto circuit in itself, is wound round a set'ond cliumekT, 
which is inclined to the first at an angle of 45*b Wlien the 
alternating current is sent from the first coil a series of 
secondary currents are produced in the other. Now the 
main current will at any moment magnetize t!u^ iron tliak 
in a certain way, and, as the result of this mugiu‘tizatii>n, 
the secondary current inducsed in tlie other coil will make 
the disk begin to rotate. When the j)riinarj current falls 
to zero the induced current will magnetize the disk, and tlie 
arrangement is such tliat tlio reaction between this iimgneti- 
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zatioTi and the following current in the circuit will continue 
to cause rotation in the same direction. 

The other meter was invented by Professor PorbcvS, and 
is suited for the measurement either of continuous or alter- 
nating currents, as its indications depend on the amount of 
heat developed by the current passing through a sliorfc spiral 
coil of thick wire fixed horizontally within the motor, Tlio 
heating of this coil sets up convection currents in the air, 
which turn a sort of small windmill arrangcvimuit iixnal above 
the coil. The vertical axis about whicli the windmill turns 
is connected with a train of whoelwork wliicdi sinwes to 
count the revolutions, and the amount of cnimmt whicih 
has passed tln-ough the meter will thoroforo bo known when 
the relation between the total amount of ctirnmt— viz., the 
product of the current strength by the time— and the number 
of revolutions, has been dotormined once for all. 
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CIIAPTEE XV 

B L E C T K I 0 L I a ir T I N G 

I P a strong electric current, sucli as may 1)0 obtained 
from a do/.eu or more Grove cells, is passed through 
a circuit containing, two ])ieces of carbon in contact 
witli each otlicr, the assistance a.t tlic point of contact is 
so great that the carl)ons will boconu'. white hot. If tln^y 
are then separated a short distance an art*, of light will bo 
formed between them, the carbon in tlio meantinic gradu- 
ally burning away, especially the one in connection with 
the positive terminal of the battery. Whtni the distam^e 
between the two carhon points (^xtuuuls a cm’taiu amount, 
depending on the eicctro-jnotivt*. force in tin*, e.irtmit, i\m 
arc will he cxtingaiished, and eunnot bt^ < drained again 
xintil the carbons are brought intt> actual (‘ontact, as the 
electro-motive force of the battery is not Huflicient to drive 
a oxirrent throxigh an appreciable thiidv uchb of air resistance, 
though it can maintain the current aenms tln^ are when this 
is once formed, owing to the resistHnee of an arc, of a given 
length being incomparably less than that of tlm same Un.gth 
of cool air. 

For a good many ytmrs light ohtaint*d in this wiiy 1ms 
been used to a couHiclerabh^ extent when a very «troiig light 
was required for lecture experiment«| and ftoiiietiiiies ako 
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for magic lantern exhibitions, when cost was not a matter 
of great importance. As, however, inclepcndontl/ of the 
initial cost of the batteries, the zinc and acid nscd in main- 
taining a single bright arc light for a few hours might cost 
from ten shillings to a pound, it is clear that it would bo 
quite hopeless to think of employing the electric light 
obtained in such a manner for general lighting purposes. 

The invention of the dynamo, however, makers it possi- 
ble to produce electric current by the consumptioTi of the 
comparatively cheap fuel, coal, instead of tlu; more costly 
zinc, which is the fuel usually cmploytHl in primary 
batteries. 

There are two distinct systems of electrio lighting 
adapted to meet totally different requirements — viz., the 
systems known respectively as Are Lighting and Incan- 
descent Lighting. 

Arc lAghti'tKj . — The electric arc which I have just de- 
scribed gives an exceedingly powerful light, and whoa 
protected by globes of opal glass or other translucent sub- 
stance, to shade the eye from the direct glare of the light, 
it is extremely suitable for street lighting and for use in 
railway stations, factories, and other large buildings. 

The number of different kinds of are lamp is almost 
innumerable, but those employed for ordinary lighting pur- 
poses are invariably automatic — that i.s to say, they are 
provided with some arrangement liy means of which the 
carbon points, as they burn away, can be maintained at 
an approximately constant diatiuico apart. The only way 
of doing this that has really proved a practical succchs 
consists in the use of some electro-magnetic arrangement, 
according to which, when the distance bccomcfl too groat, 
the weakening of the current, by diminishing the magnoti- 
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zation of a small electro-magnet, allows its armature to fall, 
and sets in motion a train of meclianism by wbioli the car- 
bon points are made to approach, each other, thereby di- 
minishing the resistance, so that the current is again able 
to magnetize the electro- magnet sufficiently to stop the 
mechanism. 

The lamps employed at the time when the electric light 
was only used for lecture purposes were exceedingly com- 
plicated in structure, and were moreover very unsatisfac- 
tory, as the regulation was far from perfect, the light at 
times becoming dim and then suddenly flashing out into 
its original brilliancy. Most of those, however, which are 
now in use are very satisfactory, as may be seen from the 
steadiness of the arc lamps in any well-managed installation. 

Arc lamps are usually connected together in series, and 
are supplied with a constant current. Many of the circuits 
are of a considerable length, some in America attaining to as 
great a length as twelve miles, while circuits of eight miles 
in length are frequently employed by the Thomson-Houston 
Company, who have carried out a very large number of in- 
stallations both in America and in Europe. The steadiness 
of the light will not only depend upon the mechanism of the 
lamps, but quite as much upon the mechanical and electrical 
governors employed for maintaining the constancy of the 
current. Defects in the regulating apparatus are chiefly 
noticeable when lamps are switched into or out of the cir- 
cuit, as, in order to prevent fluctuations in the light, the 
governing apparatus must be sufficiently sensitive to cause 
the dynamo to respond at once to the demand made upon 
it for extra current, or to supply a smaller current when 
the load is diminished, and even if the electrical govern- 
ing system is all that can be desired, the engine governor 
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must likewise be extremely sensitive, so as to enable the 
engine to begin at once to supply the extra amount of 
work when additional lamps are thrown into the circuit, 
or to supply less work when lamps are cut out If the 
lamps are supplied from accumulators, then of course the 
regulation of the engine ceases to bo a matter of primary 
importance. The number of lamps included in any one 
dynamo circuit will depend of course upon tlic capacity 
of the dynamo, upon the current alworbed by each lamp, 
and upon the dillercnco of potential which is to be main- 
tained between its toritiinals. The ([uality of the carbons 
also exerts an important ellcH'/t on the steadiness of the 
light unless the electrical regulation is axtremcl}” good. 

The first experiments on the production of an electric 
are between carbon points wore made l>y Sir Humphry 
Davy with carbons consisting simply of sticks of wood 
charcoal, but it was soon found that this material was 
much too soft for the purpose, as it burned very ra|)idly, 
giving off numerous sparks. Recently, however, Gaud in 
has gone back to the use of rods of wood charcoal, which, 
however, have their density very greatly increased by being 
soaked in some liquid hydrocarbon, in order to fill up their 
pores, and are then fired, the process being relocated until 
the desired density is obtained. The first improvememt in 
the carbons used for producing th(5 (dectric arc is gcuu^rallj 
considered to have hecn made by Foucault, and consisted in 
replacing the rods of wood charcoal by rods sawed out of 
gas carbon. The principal points which have to be aimed 
at in the manufacture of carbons for are lighting are, in the 
first place, to obtain a carbon of regular density, of m low 
electrical resistance as possible, and free from adrnixturt 
with other substances; and in the second place, to produi^ 
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rods of sufficient length to burn as long as may be required, 
perfectly straight and cylindrical in form. Various proc- 
esses are employed to attain these results, and the manu- 
facturers usually do their best to keep them secret; but the 
general procedure in all of them consists in first reducing 
coke or graplrito to a fine j^owder, and tlien washing it with 
an alkaline solution, to free it from silica and earthy im- 
purities; after this it is formed into a still paste by mixing 
it with a sufficient quantity of some tarry hydrocarbon, and 
the paste is then forced under pressuro into molds of the 
required form. When the rods are taken out of the molds 
they arc dried and packed in air-tight boxes, the empty 
spaces between the rods being filled up with coke dust, 
after which they are lirod in a kiln. It is g(‘iu*rally found 
nceesBary to repeat the jiroccss of soaking in hyilroearbon, 
with the Bubsequont firing, at least twice, and in i\w case 
of the best carbons it is usually repeated several times. 

When a sufficiently sensitive system of electric govern- 
ment is employed, very good results can ho obtained evem 
with inferior carbons, and many of my read(U*s will probably 
remember the lighting of the American and Italian Kxlubi- 
tions in Lomlon in lbb7 and 18H8, wliit^h wcu'c earriinl out 
on the Thomson-IIouBton system; and although the com. 
monost American compressed carlions were eriiplojcifl, the 
steadiness of the light was everything that eotilcl be clesiri»«L 

Arc lights are extremely suitable for use in lighthouses, 
as the great brilliancy of the light enables it to lie mnni iit 
a conBiderable distance, even in foggy weatlien lids was 
recognized at a comparatively early jieriiHb atid lirfure llie 
invention of the modern dynamo, whicli first riiinle piwililti 
the general introduction of the elecirits liglit, sevtiml of the 
more important lighthouses were provided with are liglita. 
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the current of which was supplied from large magneto ma- 
chines, built up of a great number of permanent magnets, 
with coils revolving between them. Most of our ironclads 
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are now supplied with powerful arc lights, provided with 
reflectors, and known as search-lights, to enable them to 
discover the presence of torpedo boats, and to destroy 
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are manipulated by hand instead of by an automatic ar- 
rangement. Fig. 67 illustrates a simple form of hand-feed 
lamp, manufactured by Messrs. Ernest Se-ott k of New- 
castle, and designed for scarch-liglits, or for us<^ with micro- 
scopes or magic lanterns. 

For use as search-lights these hand-feed lamps an' jiro- 
vided with a system of IcnBCS for coruumtrating tlu' light 
into a single beam. The whole arrangcnu'nt is monnic<l in 
such a way as to allow of the Ikuuu being thrown in any 
direction required. A simple form of projta’tor, as an ap- 
paratus of this kind is e.alled, mamducturctl by Mc'ssrs. 
Scott, is shown in Fig. 68. 

Arc lights are also employed to a (‘onHi<l('ra.blc cxitmt 
as Bignals on board largo i)aHHeng(U' steamers ami yutdits 
which have electric lighting machiiu'ry on Inainh as is 
now generally the case, most of the mon^ important pas- 
senger steamers and tin'. larg<'r yaelits liaviiig tlurir saloons 
and cabins lighted by incamhxscent c6t‘etri<! lamps. 

A great many makers have desigmsl v('ry eumpaid eom- 
hinations of engines and dynanuxs inUmded spcadally bu* tise 
on board ship, where space is limitml, ami one of them! is 
Bhown in Fig. 69, which illustrates a e.ombination miinu- 
faotured by Messrs. Mather & Platt, of MiuudmHter, <mn* 
sisting of a very elbnUivo and compact form of dynamo, 
known as the ^‘Manelumier Dynamo,’* driven from a doubho 
cylinder diagonal engine, by means of a slmrt belt provided 
with tightening gear, as shown in the illuslrntiom 

Another very interesting application of iirci ligliting to 
shipping purposes is afforded by the arrangernentii whicli 
have been adopted within the last few years for making 
the passage of the Sue^ Canal at night 

Up to the year 1885 no night traffic through the canal 
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was permitted, but in that year it was decided to allow 
vessels of war and those carrying mails, if furnished with 
electric lights in accordance with the regulations laid down 
by the canal company, to traverse at night any portion of 
the canal between Port Said and the Mediterranean cntnincc, 
about a tliird of tlio entire distance. The lirst viisscl which 
availed itself of this perruission was the Hteamslnp *'Car- 
thage,’’ belonging to the PoninBular and Oritnitul Steam 
Navigation Company, which made the passage by the aid 
of the electric light with perfect bucccbs in A|>ril, 18tS6, 
and the example was followed shortly afterward by other 
vessels with sucli buccchs that the coin})any decided to ex* 
tend the perrniBsion to all vessids, and at the same titna, 
by providing b(^a<u)nH ami light-buoys, to guide the Vi*s,-u*ls 
during the night passage, navigation by night wiw made 
poseiblo throughout the whole canal 

The company sti|)nlateB that all vesselH avail iiig tlicim- 
selves of this pernuBsion should be provided with a |iro- 
jector search-light, fitted upon a platform large tmmigb to 
accommodate a man to manipulate the light, the platform 
being connected to tins ■vu^sstd as near to the waii‘r’ii intgu 
as possible, and an automatic electric lamp HuspiunliNl upon 
tlio bridge', capable of illuminating an art^a iwti Iniiidred 
yards iti dianu^ter remnd the vessel Tim miiii cm lliu piiil* 
form reguhitt^H the position of tlm oiirbmis of llie «aiireli* 
lamp by bund, and at the same time Im df^|iresseft or fliilrcts 
tlio liglit to eitlier side in iiceordaiimi willi the urdrrs <if tlm 
pilot upon the liridge, the ortlers being itsunltj givrti liy 
moans of a kde}'dione. 

Til© placing of the projeiJlor elost^ to the eilgii of llit 
water, bo tliat the light miiy be luiiileit iiinlttr ihii Imw iif 
the ship, is an essoiitinl point, for iiiiy ilirciet rjif« iif liglil 
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intervening between tlio pilot and tbo distant ilhuuinated 
object, by means of wliicb ho is steering the vessel, would 
dazzle his eyes. Fig. 70 shows a vessel so litted passing 
through the canal. 

The lamp suspended over tl>o bridge liglibs up tlie whole 
deck of the vessel and the canal with its banks on (‘ithcr 
side, and is only intended for use when jmssing other ves- 
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sols which are tied up at the passing-stotions, or to provide 
light for a vessel thus tied u|) in order to allow another one 
to pass. Several of the chief coaling linns at Port Said 
have now provided thomHolvcs with sots of portable electric 
lighting plants fulfilling the rociuiromonts of the company’s 
regulations, and any vessel which does not possess a plant 
of its own may hire one of these for a foe of £10. 

Mectric Candles . — Before passing on to describe the sys- 
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tern of incandescent electric lighting I nanst not omit to 
mention the JablochkofE electric candle. 

This consists of a pair of carbon rods, placed sido bj 
side, and separated by a strip of insulating material, imually 
consisting of a kind of porcelain. The current passes tip 
one carbon and down the other, forming an arc at tiio top, 
and the porcelain gradually bums away with the carbons. 

In order to start the arc when the current in turned oti, 
the top of the candle is generally tipped with a paste mnilc 
of powdered carbon and gnm. The Jablochkoif eaiulle In 
of considerable intoroBt liistorically, as it was employed in 
lighting up the A vetiuo do L’ Opera in Paris in 1878, wliieli 
was the first exarnple of stret't lighting by means of e!iH> 
tricity. It was also cmploytul on tlui Victoria Kmliankinent 
in London, arid in many other plaet^s. 

In the case of the current being accidentallj 
the candles will go out, and they will not reigiiite tliimi* 
selves; but a still more serious defect is tliiit ibe resislaneii 
of the arc tindergoes constant variation (»wing to iinpiirilies 
and variations in the (hmsity of tlu^ porceiain, ho tbal IIhi 
light is (^\tr(‘m(‘ly unst<*atly. 

Some modilieatioMH of JubloelikofT’s original candle buin 
been devised in onlm* to ov«*rconic these iiiiil in 

some cases with eonsiflcrable success, tint tliidr itin is titil 
Buflioiemtly oxtcuiiva hirit to bci tuwssiirj for iiitiln tlescrilm) 
them here. 

Jncdmlmceni .iSiy/iO’ay,*-Arii lamps lira not at nil siiiiuMu 
for th© lighting of rooms in dwidliiigdionst^s, or f*ir Ihn 
lighting of the iiituriors of ihentres, ns l!ic light m fur 
intenii: what is recjttired for mich purposes is n oonsiili^mblti 
nmiiber of curitrcii of light of nKNleratc tfitiaisiif^ fmi 
one or two centres of very high iiilcmsityi mmh iw iifc gii-rit 
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by arc lamps. This najuinmieiit is completely fulfilled by 
what arc known as incaiulescumt or glow lamps, which more- 
over lend tliemHcdves exceedingly well to decorative pur- 
poses, much hotter indeed than gaB-hurners. 

The principle of the incaiideBoent lamp consists in pass- 
ing the current through a wire or filament of sorno substance 
which is only fusible with difliculty, and which has a com* 
purativcly high electrical X'osistancc. 

The heat gentu'uted by the passage of a (‘unvnt through 
such a wire, or filament, raist‘s it to a wliiU^ heat, aaid ]»r<>- 
vides a sour(‘.e of liglit vmy much whiter than ordinary ‘uis- 
liglit, and wliich has many oiluT important advantage's ovnu* 
it. In the first phum, although the fihinumt itstdf is main- 
tained at an exceedingly high tem})eratur(', a glow-lamp has 
much loss heating elTect in a room than a gas-lmnu‘r, he- 
causo the surfaets of the lu'ated filaimmt is t'xctaalingly 
small, and it is inedosed in an t‘xha,uslcd vt'ssed, whiit^ 

the gas Ihune is in imnualiaU^ ct>nta<‘t with tiu' air, and hchui 
distrihutcB its heat over a room hy nu'aus of tlu* strung 
convection currents which it sets np in the air in its 
neighhorhood. 

The electric light again can he turned on or ofT without 
having to bo lighted, so that the light can he turned tm ns 
one enters a room hy simply pri^ssing a hutUm or turning 
a switch near the door; and if liglit is want<*d in a htalroom 
at night it can ho turmnl on, without tin* slightest danger, 
by means of a switch which can be reached from the binl 

The greatest advantage, howniver, ut tlie electric light 
over illumination by means of gas is the complete libsmico 
of any process of combustion,, bo that the air in the rtKims 
in which it is employed does not become vitialcHl by the 
absorption of oxygen, and the liberation of carlion acid 
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and still more deleterious compounds, such as sulphurous 
acid and sulphuretted hydrogen, which are always formed 
when gas is burned, and which gradually cause the covers 
of books in the library to become rotten, discolor the 
gilding of picture-frames, and make it impossible to keep 
most kinds of plants alive in rooms where gas is burned. 

The first electric glow-lamp was invented by Demoleyns 
as far back as the year 1841, a platinum wire being em- 
ployed as the filament. In 1845 carbon was first used for 
the purpose by Starr of Cincinnati; and in order to prevent 
the combustion of the carbon he placed it in a closed glass 
vessel, from which the air had been exhausted, as is now 
invariably done in all glow-lamps, whatever the material 
employed for the filament. These lamps, however, were 
invented before the development of the dynamo had made 
electric lighting possible on a commercial scale, and ^they 
accordingly dropped out of sight until, in the year 1873, the 
Eussian physicist Ladiguine turned his attention to the sub- 
ject, and his investigations were considered of such impor- 
tance that he was presented with a prize by the St. 
Petersburg Academy of Sciences. The report which was 
drawn up for the occasion by the Eussian physicist Wilde 
contains a very clear and succinct statement of the advan- 
tages of carbon for glow-lamp filaments. Carbon, said the 
report, has, at an equal temperature, a greater radiating 
power than platinum, while its thermal capacity is much 
smaller, so that the same amount of heat will raise a carbon 
filament to a much higher temperature than a platinum 
wire. Moreover the electrical resistance of carbon is about 
two hundred and fifty times greater than that of platinum; 
and the carbon may therefore be made thicker and yet rise 
in temperature as much as the metal. Carbon, moreover, 
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m infusible, and its temperature may therefore bo raised 
without any danger of fuBion. 

In the year 1879 Edison constructed a lamp in which a 
carbon filament was employed. It was prepared by cut- 
ting small sheets of brown paper in the form of a horscslioo, 
placing several of these sheets together, and then heating 
them to a high temperature in an iron mold. The life of a 
lamp provided with a filament of this kind was liowevar 
very short, as the carbon soon been, mo disintegrated by the 
action of the enrrent. In the year 1880 Ifldison improved 
this lamp by Hubstituting carbonized liamboo for carl>oniz('d 
paper; and some improvements were introduc.od l>y Swan, 
who in November of the same year exhibited the first inc.an- 
desccut lamp shown in England to the Soeic^ty of ''relegrapli 
Erigineei's. Swan’s carbon filaments are nuuh^ of strings of 
cotton about four inches long, liaving their (mds imlargt'd 
by winding ad<lit;iomd cotton rouml them. d’hes<^ thiHaids 
arc soaked Cor some time in a mixture of sulpliuri<*. aei<l 
and water, which causes them to assume the lianlm^ss and 
compactness of parchment. The illaments are then thor- 
oughly washed, so as to remove every trace of acid; after 
which they are passed through dies witli cinmlar ludes in 
them, in order to reduce them to a uniform cross setdaon. 
The filaments arc then wound upon rods of (utrbon i>r 
earthenware, so as to give them the riupunul form before 
carbonization. They are carbonized by burying tlunn in 
powdered charcoal contained in a crucible, ami raising 
them to a very high temperature in a furnace for a period 
of several hours. The fdamonts are mountcil lij having 
their thick ends inserted into split medal tubt?s, wliicli are 
made to clasp them tightly hy means oF Hliding rings, the 
arrangement being exactly similar to a port-crajom Plati- 
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num wires are attached to the upper ends of the metal tubes, 
and pass out through the glass. 

Edison’s lamps, as improved by Swan, are now very 
generally employed, being manufactured by the Edison and 
Swan United Electric Light Company, which was formed 
for working the patents of these two inventors. The first 
stage in the manufacture of an Edison-Swan incandescent 
lamp consists in attaching the prepared filament to its plati- 
num wires, and mounting it upon a glass bridge, little beads 



Fig. 71. 



Fig. 72. 


of glass being formed at the same time on the wires where 
they are to pass through the walls of the lamp. The glass 
globe is then blown very much in the shape of a pear, the 
glass tube out of which it is blown taking the place of 
the stem of the pear. The lower portion of the tube is then 
cut off with a file, and the carbon, with its platinum wires, 
fused into the upper half, after which the two portions of 
the globe are joined together by the blow-pipe. 

The la;np is then exhausted of air, first by means of an 
ordinary air pump, and finally by means of a Sprengel mer- 
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cury ptimpj with which a very high vacuum can be obtained. 
Bcforti the lamp is removed from the Sprengel pump it is 
Bubmitt(^*<l to a procesB known as flashing. 

This coiiaista in raising the lilament to incaiideacence by 
passing an electric current through it, which expels any gas 
tliat has l>ocn absorbed by the carbon, and at the same time 
increases its density. The filament is usually raised to 
incatnlesoence and then allowed to cool, several times in 
Bucoession, the process of exhaustion going on all the 
titnc, so as to remove all the gases 
that are given out by the lilanumt. 

The giUKU'al api)carance of the 
lamps when completed is shown in 
Figs. 71 and 72, Fig. 71 showing a 
lamp which is intended to bo hung 
with the ]a.rgcr eii<l downward hy 
inserting into the two loops, attaelied 
to the cap wliicli forms the termina- 
tion of tlu) small end, Urn ends of the 
conducting win‘S, which arc Inu^t into 
the form of hooks for the purpose; 

Fia78. while Fig. 72 shows anothi^r lump 

having a filament of somewhat dilTorent shapes, and which 
is intended to bo inserted in a lioldcr smdi as that shown 
in Fig. 73. 

Theatre Lighting - — The system of itmandewumt electric 
lighting presents special advantages for the lighting of 
theatres, the most important of which is the almost abso- 
lute safety which it provides against danger from lire, when 
the installation is properly carried out. 

Whether gas or oleotrioity he employed, the lighting of 
the auditorium can be carried out just m safely as that 
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of an ordinary Tionse, but tlie illumination of tbe stage is 
a very different matter. 

To begin witb tbe part visible to tbe audience: tbe foot- 
lights, when gas is used, are simply naked gas-lights, and 
numerous accidents have occurred from the dresses of act- 
resses catching fire from their approaching too near to these 
naked lights, "When the electric light is employed the foot- 
lights are all hermetically sealed glass globes, which could 
not ignite the most flimsy material, unless it were left in 
contact with them for a considerable time. The principal 
source of danger, however, is to be found, not in the foot- 
lights, and the permanent stage lamps which are attached 
to battens suspended from the roof, but in the movable 
lights which are attached to the different portions of the 
scenery, being fixed to what are sometimes called stage- 
ladders, which are hung on to the movable scenery wherever 
they are req^uired. Any one who has been behind the scenes 
of a theatre, and has observed the “close proximity of these 
lights to the inflammable scenery, will only wonder that 
fires are not of more frequent occurrence in theatres where 
gas is employed. When incandescent lamps are used in- 
stead of gas-lights, this danger is entirely obviated, provided 
the most elementary precautions are taken, for the electric 
lamps will not ignite even paper or muslin merely brought 
into momentary contact with them, though such materials 
would take fire in the course of time if they were wrapped 
round the lamps, or allowed to rest upon them while 
incandescent. 

It is of course necessary in carrying out an electric light 
installation in a theatre, as in a private house or elsewhere, 
that the work should be done in a proper manner, and by 
men who understand their business; for if the work were 
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carele.Bslj clotu'j lieatiiig nuglit take place, owing to bad con- 
tacts; or iC the positive and negative mains were l)rouglit 
too close togetht3r at any point, an arc rniglit be formed 
across them. A good many fires were caused in this way 
in some of the earlier installations; for before people had 
become generally alive to the fact that a badly carried 
out installation might be a source of very serious danger 
in this direction, unskilled workmen were allowed to carry 
out the work without proper supervision. As regards the 
comfort of the audicTice, the electric light also poss(‘ss(\s a 
very great advaiitngo over illumination by gas, on account 
of its coin}>aratively small heating cltoct. 

Any of my lauiders will bo able to test tins for tluun- 
aelves, if they have not already done so, hy comparing the 
atmosphere toward the end of the performancu^ at an (‘Unv 
tric 4 illy lightt'd with that of a tlu'atn*. ligliU^d by *?'aH. 

''riio electric, liglit also hauls its(‘lf mmdi mon‘ n^adily 
than gas to scenic (dbu^ts, as hy tlui introdn(‘ti<m of suitabh) 
resistances, either directly into tlie lighting circuit, or into 
the CKoiting circuit of the dynamo, the intensity o( the light 
may be varied hy imperceptible steps from full hrilHancy to 
complete extinction. 

The first of the London theatres which vnm lighkul hy 
electricity was the Savoy, which was tlum, as m>w, under 
the direction of M. D’Oylcy Carte, and sjhuuii! <*rt*dit is cbm 
to him for liis enterprise in introduc.ing the light, as this 
was the first time that an incandescumt cdectrics lighting 
installation was carried out u{K)Ii any conHidcrable scale. 

The work was done hy Messrs, Siemens in the jiuir 18HI, 
and the lighting, which has remained under their chiirge 
ever since, has been thoroughly satisfactory in every way 
from the time it was first introduced Since then the ijslem 
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simply of a short wire whioli will fuH« hofotn tho mirrwit 
has become groat enough to causo clungfu- to Jho lamp, mul 
will thus out tho laitip, or group of liitnpH, out of tho oirouil. 
Similar safoty-tuKOB aro phuaul whoruvtT an iiicrcaNi! tif tho 
cumiiit bcyoml a cHirtain amount wmihl bo likolv to tniUMo 
danger of (ins, ami largo magnolio out outu aro oftoii attaoheil 
to tho maiiiH as tiny loavo tho tiytiaiuoB, ittiil 
that they will cut olT tlm curnmt at nturn aa it riaou U^yornl 
a fixed maximum vuluo. h’ig. 7-t illuHtmtoa n «afoty.fu»o, 
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of incandescent lighting has been introduced into a good 
many other theatres — tho Criterion, tho Prince of Wales’s, 
Terry’s Theatre, tho Adolphi, and tho rccontly-built byrits 
and Shaftsbury Thoatros being now lighted by iiH'andescent 
electric lamps. 

In all modern installations of tho ele(!tric light in tho 
interior of buildings, safety-fuses aro inserted wlientver a 
branch wire leaves tho mains, and in some eases tln^y arw 
attached to each lamp, or group of lamps. They oousist 
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and ilie nuinncr of attaching it to a lamp, or group of lamps, 
suspended from the <uhling in the room of a houne. 

Private Jnsiallations.-’^An the number of c,eutral Btations 
increiiBeB, private installations, as far as the larger towns are 
concerned, will probably become gradually rarer; but their 
use will most likely extend still more than it has already 
done for the purpose of lighting isolated country hous(\s, 
in place of employing private gas pl:uits, tlu^ piwsciuu' <>C 
which in the neighborhood of a house is t‘\ffC(line:ly objtH> 
tional)lo, owing to tlie injurious and foul snu‘lling 
contained in coal-gas as it (‘,<)m(\s from the reUu’ts, atnl from 
which it has to bt^ puriiitul as far as possibh^ Indore, it is 
used. Where water-power is available, eliudric lighting, 
independently of its other advantages, is the most ecauiom- 
ical system wliicli cati ho ado[)tcil, but where this is not to 
be obtained, a gas engine is proliably tlu^ most eonvenituit 
motive-power to employ. In a phuui wh(u-t‘ gas is 
already available this may be employ<Ml for driving tln^ gas 
engine, but even when this is not the e.as<» a gas engiiu'- maty 
still be employed, for engines of this kind nra now made 
which manufacture their own gas from j>etrohuum 

Bhg. 76 shows the arrangement of a stuall private, instal- 
lation of this kind cmrried out on the atuuunulaior Hystmn; 
the dynamo hoing driven by a gats engitu^. The lamps are 
connected across the negative auul positivt^ mains, as shown 
in Pig. 76, which illustrates the general arrangmnent of the 
connections in a private instalhition in whic.li actnuuulators 
are employed. The switches used for turning iln^ tlytuuno 
current directly on to the house leads, and for eoniHH’iing 
these and the dynamo with the accumulators, are usually, 
for the sake of convenience, fixed on a single board, m 
shown in the illustration. When the current from the ao- 
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cuiruilatorB ib in nao, they muat not ho allowed to diHohargo 
at more than a eiTtain rate, aa if thin wore exceeded they 
would ho <himaged. In order to prevetd, tluB from taking 
place nnperceived, an autoiuatie current-alarm, conncchHl 
with a hell, is omploycal, an ahown in the centre of the illuB- 
tration. The currtmi-alarm oonsmts of a coil of wire, with, 
a Boft-iron con^ BUBpcnulod in ita centre, and kept in position 
hy means of a spring. As the strength of the (mrront 
inertmsoH, tlm iron is drawn further into the eoil, until, 
when a certain ])C>int is reached, the hell is starUal and eon- 
tinues ringing until the discharge current is lowered to the 
proper amount 

Aocumulators are almost invariably employetl in private 
installations, for if they were not used the engine would 
always have to he kept running as long as tht^ light w'as 
rciiuircd, wlule, when tlu‘y art'* t'ln ployed, tluy can tisuully 
ho clurrgt'd suduuently i(» supply all tlu' tuirreut retjuiretl, hy 
running the engitu^ twt» or thnu^ days a wtu'k. It would he 
impossible, moreover, to get a satisfut’it)rv light withemt the 
me of accumulators from a dynattio driven by any form 
gas engine at present in use, as these engines itunnoi he 
made to run with the same regularity as steam engiiit's, 
and the result would be that the light would fluctuate 
at every rovoliition of the engine, whicli would cd etnirse 
he exceedingly disagreeahle. 

Train Anotlier very useful ap{i!icmtion of 

accumulators is to the electric lighting of trains, which 
has been carried out with the greatest succsess during tlie 
last few years on the Great Northern, imd the London, 
Brighton and South Coast Bailways. 

The aocumulatore are made by the Klectrieal Power 
Storage Company, and are of the same chameter as the 
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one previously described, except tbat tbe cells are made 
of such a shape as to permit of their being conveniently 
stowed away in boxes under the seats of the carriages. 

The South Eastern Eailway Company also has quite 
recently fitted electric reading-lamps to the carriages on 
the main-line trains. The lamps, which are of five-candle 
power, are contained in small boxes placed just under the 
racks. 

The light is obtained by introducing a penny into a slot 
at the top of one of these boxes, and then pressing a knob, 
and it will last for half an hour, at the end of which time 
it extinguishes itself automatically. The light can be ob- 
tained for as long a time as is required by placing a penny 
in the box every half hour, and it can be extinguished 
at any moment by pressing a second button. 

If the instrument is out of order, or if a coin other than 
a penny is put into the slot^ the coin drops right through, 
and can be recovered. 

Portable Mectric Lamps . — It is evident that the introduc- 
tion of incandescent electric lamps would be of the greatest 
value for the use of divers, as, owing to there being no com- 
bustion, a supply of air is not required; and also for use 
in coal-mines containing explosive gases. In such cases as 
these it would not always be convenient to have the lamps 
attached to long wires leading to the source of current. 
Primary batteries might, of course, be used, and indeed 
they have been used, for portable lamps; but, in addition 
to the expense involved in their being lighted in this way, 
a primary battery, to give a light for any length of time, 
would be too bulky to be conveniently carried about. Both 
these defects are got over by the use of accumulators, and 
a portable lamp of this kind, manufactured by the Edison- 
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Swan ITnitod Klw.lrin Ligiit Coiiipaiiv, ia hIiowm in Fig. 77. 
The lami) is eiiergizcil hj a four- cell aeciuaulaUn-, hIiowu 
in Fig, 78. 

This accumulator is containcil in a strong teak hox, 
A, Figv 77, strengtlioncd with metal luintls, BB. A Kinall 
incandescent lamp is attached to the side of the ease, and 
protected hy a strong glass cover, C, with a eross-har, Q, 
and a hinged lover secured by a safety-nut, F, and provided 
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with a swivel handle, D. The lamp can only be openeil by 
means of a key, so that it cannot be got at by the miners. 
In some lamps of this kind which have reeeiitly iHieti eon- 
Btruoted, a small lever is provided whieh niaintains tlio 
continuity of the circuit as long iw it i« pressetl down hy 
the glass cover, 0, but breaks the oirmiit when allowed 
io rise, which it would at onoe do If the outer glass cover 
were accidentally broken. The object of this arrangement 
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is to prevent a miner from continumg to nse a lamp of 
wMcIl tlie outer covering has been broken, as if this were 
done the glass globe of the lamp, being of very mneh thin- 
ner glass than the outer covering, would be very likely to 
get broken, and although the lamp would be extinguished 
almost immediately by the fibre burning away, there might 
be just time for it to ignite the explosive gas in the mine. 
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CTI APTEK XVI 

ISLECTUO MOTOHS AND THEIH 

A !N elociro-niotor in n^aJlj !H>thin‘!; hut. :i (Ivnnuio work- 
ing hn.f.k ward— that in to suj, om‘ whi<‘li, insUsid of 
hoing <lriv(*n Py tho appliontitui of oxiornal {unv<‘r, 
ai\<l thereby traimftHuning tlu^ eiuu’gy Hupprunl hy a slvaiu 
eugiua or otliur primu motor into the form of oitH'irio.al 
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energy^ is supplied with aloctrical eru'rgy by of tm 

electric current, wMcli sets the motor in motion, utul iriuis- 
forms the electrical energy into mecluinieal energy* Fig, 79 
illustrates a motor made by Messrs* Immisch k Oo., one of 
the few firms which have devoted themsolvaa to the ccm» 
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stmction and improvement of tlie electro- motor, and whose 
motors have already obtained a world-wide reputation for 
high efficiency' and good workmanship. 

Another type of motor, manufactured by the Electrical 
Power Storage Company, is shown in Fig. 80. 

The reversibility of the dynamo, enabling it to act as a 
motor wlien supplied with electric current, was first made 
known by M. ilippolyte Fontaine at thi', Viemna Inter- 
national Exhibition of 1878. According to M. Figuicr, the 
discoviny was jnircly accidental. 

Kigui(u*’s a(*.count is that the Grainino Company had two 
machim^s (nxhihiUMl at the Exhibition, and oms day while 
one of these inaclnm^s was in motion, and the otlK*r one wnw 
standing still, a workman, seeing some (*able tunls lying loam 
upon the floor, fancied that they belonged to the machina 
at rest, and. placed them in iU terminal when, to the 
astonishment of everybody, the armature of the maoMne 
began to rotate, being driven by the onirent from the other 
machine. Prior to this a great many attempte had bean 
made to construct electric engines, or motora sat in motion 
by means of an electric current, but none of them was of 
any practical use, and they were, in fact, nothing more than 
seientiflo toys. Any continuous current dynamo oaa be 
Uied w an eketro-motor} but in the construction of electro- 
motors, it is much more important to make the weight as 
small as possible than in the case of dynamos; and there are 
some other points whicli are of greater practical importance 
in tlui ctim of cdectro-motors than in the ease of dytminog, 
BO that, although thcj principles of construction are the saiue 
in each eas!^, it is not very ofkm that maebint's eonstrueted 
for producing ciirrimt are actually emplojinl iih electro- 
motow. 
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Electric liailwayB.—Om exceoclingly important applica- 
tion of tlio electro-motor is its employment for the pnrpoBo 
of traction. For some time past, experinnmts have lujen 
in progress witli the view of adopting clectno traction on 
the umlorground railways in liondon, in order to get rid 
of the contamination of the atmospliara l>y the smoko 
and other produe.tH of combustion from the locomotives, 
which now make the lin<^ so unplmisant to travel upon. 
Electric traction, howevtT, has not yet heem pract.i(‘a,lly 
employed for ht‘avy railway's, thongli it has Iuh'ii used to 
a eonsiderahU^ extent for light railways, or, as wt^. (‘ail tle^m 
in tliia country, irajaways. 

The ('/leetric |ir<^pulsion of cars on tramway lim*s <‘an lie 
effected in two distinct ways. One is to placid accmmulators 
on the car, these atHunnulators heung (dmrg<ul at fixtal sta- 
tions, usually at one or both of the ttnanini. ddm principal 
disadvantjigt^ of tlu^ manun nlator system is tlui great wt‘i*';ht 
of the aeeumuhitors, whieh have, ef <’<mrH<H,o Inwarritsl by 
til© cars, and it also has Um <liHu<lvnntHge of the additicmal 
loss incurred in two transformations of emu'gy, as in thci 
accumulator aystem the energy of the prime motor must first 
be transformed into ©Icetrical energy, anti then into elunniiuil 
energy, which is stored up in the battery, fnmi whieh it is 
reproduced in the form of (dtsdritud iuicrgy, ami tlten iigiiin 
converted into mechunieal eiu'rgy in the mot<>r. Idieiulvan- 
tages are that cacli car is imh^pendent of every other, iiiul 
that no fixed conductors are reejuired ah^ng t!n3 line. 

The accumulators used in driving e-ars on this system 
are, as in the case of train- lighting, skired under tlie seats, 
and in any case the electro-motors arc usimllj placed under 
th© floor of th© car. 

The other method of driving cars electrically is to am- 
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ploy a fixed source of energy, and to transmit the currc 
to the car by means of a conductor and sliding contac 
Mr. Gisbert Kapp, in his work on the “Electrical Trai 
mission of Energy,” classifies the electric railways work 
on the conductor system into four divisions, according 
the manner in which the current is convoyed to and from t 
car. In the first class the rails are insulated from the grouii 
and the separate rails being placed in electrical communic' 
tion by moans of connecting pieces, they arc employed 
conductors, on© conveying the outflowing and the otlicr t 
return current. The car-wheels in this system have to 
insulated from their axles. 

A short tramway of this kind has been erected by JM 
Volk on the beach at Brighton, and another one is in u 
in Berlin. 

The second class conBista of those in which a sopiirii 
conductor is used for the outflowing current, while the i 
turn current is carried by both rails. The rails need n 
be insulated, but must bo in olectricml communi<uUi< 
tlirougho\it by means of spe.eial (UMUicetiug pieces at t 
joints. The Bisssborough and Ninvry Khu'.trie ICailway 
a good example of this elass; it is tluree miles in Imigt 
and the electric current is supplied by two Kdisou-IIopki 
son dynamos driven by a large turbine placed at a italic 
at about th© middle of the line, where ample water^pow 
is available. 

Other examples of this kind are given by tliii railwa 
at J^ortrush and Blackpool. 

In the third elans separate eomluelors lire used for li 
outflowing and the n^turn current. Tlitise mm eiirri^ ovi 
head on poles, and usually consist of iron or csoppiir tiibf 
A line of this kind is now in use btilween Priirikfori fii 
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Offenbacli on the Maine. A portion of it is shown in Fig, 
81. The conductors consist of tubes of wrought- iron, of one 
inch internal diameter, and one and one-fifth inches external 
diameter, suspended, by means of iron wire ropes, from 
ordinary telegraph poles. A slot is cut out along the whole 
length of each tube, and the current is conveyed to and 
from the car by means of wires attached to small cylinders 
of cast-iron, which slide within the tubes. The same system 
is in use in Berlin, Vienna, and other places. 

In the fourth class separate conductors are used for the 
outflowing and return current, and these are attached to 
poles, and arranged so as to form a single line on which 
suspended trucks run. This is known as the telepherage 
system, and was devised by Professors Ayrton, Perry, and 
Fleeming Jenkin for carrying light loads over hilly or 
mountainous country. The first line of this kind was con- 
structed at Glynde, in Sussex, and has been a complete 
success. Fig. 82 shows a similar line which has been con- 
structed in America by the Sprague Electric Eailway and 
Motor (Company, for the purpose of carrying ore from a mine 
on a mountain side to a railway at the base. The road, or 
overbad track, consist of two stationary steel cables, sus- 
pended one above the other, between posts of wood or 
metal, fifty feet or more apart, and at such a height from the 
ground as not to interfere with the surface traffic. The cars 
run on wheels, and are suspended between the upper and 
lower eabl^, the upper cables carrying most of the weight. 
Each car contains an electro-motor, which is supplied with 
current by contact of the wheels with the cables. 

Several attempts have been made to apply electricity to 
ordinary street locomotion. One of the first of these was an 
eleetaic tricycle designed by Professors Ayrton and Perry. 
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Some dog-carts driven by electricity bave also recently been 
constructed by Messrs. Immisch & Co. One of these was 
made for the Sultan of Turkey in September, 1888, and lie 
appears to have been so pleased with it that be bas ordered 
another one to be sent out. This is of an improved pattern, 
and is shown in Fig. 83. The power is stored in twenty- 
four small accumulators, which weigh about seven hundred- 
weight, and contain a charge sufficient to propel the vehicle at 
a speed of ten miles an hour for about dve hours. The cart 
is driven by a one-horse power Immisch motor. The total 
weight of the carriage and accumulators is about eleven 
hundredweight. 

These carts are only suitable for use on the level, and 
on good roads, as the wheels have not got sufficient grip 
to carry the cart up any considerable incline, and this is one 
of the chief difficulties in propelling any carriages, other 
than extremely heavy ones, such as traction engines, either 
by electricity or by steam power. 

An electric omnibus has also recently been tried in 
London, but I believe it was only run at night, which was 
certainly a most desirable precaution, as, owing to the 
weight of the accumulators, electrically propelled vehicles 
are difficult to stop suddenly, and on one occasion when it 
was being run at night in Oxford Street, a hansom cab 
dashed out of a side street in front of it, and the driver, 
unable to stop in time, stated afterward that there were 
three alternatives open to him — ^viz. , either to run into the 
lamp-post, the hansom, or the nearest house. He chose 
the former, breaking the lamp-post ofi near the ground, and 
planting the car on the top of it. The passengers inside 
were of course covered with the acids from the cells, and 
one of them foolishly striking a light, ignited the gas from 
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tlie broken lamp-post, so tbat had they not shortly been 
released from their perilous position they would all have 
been burned. 

Another interesting example of the use of the. electro- 
motor for the purpose of traction is its application, as far 
back as 1879, to plowing fields in the neighborhood of the 
beetroot factory at Sermaize. The manufacture of beet 
sugar is only carried on during a small portion of the year, 
so that for the rest of the time the machinery remains idle, 
and it occurred to the proprietors that it would be advan- 
tageous to use the steam engine during this slack time for 
plowing the fields in the neighborhood. The experiment 
was perfectly successful. The current was generated at the 
factory by means of a Gramme dynamo driven by the steam 
engine, and the plowing arrangement was similar to that 
adopted in steam plowing, the plow being drawn backward 
and forward across the field by a steel wire rope coiled and 
uncoiled alternately from drums carried on trolleys placed 
at opposite sides of the field, and each provided with a 
Gramme dynamo used as a motor. 

Electric LauncTies . — The electrical method of propulsion 
is extremely well suited for small launches, in the place of 
steam, and a large number are now in use. Fig. 84 shows 
the general appearance of an electric launch as manufactured 
by the Electrical Power Storage Company. The sectional 
diagram. Fig. 85, shows the position of the motor under 
the deck of the launch, and of the accumulators, which 
are shown extending from the motor to near the bow of the 
vesseL The great advantages of this method of propulsion 
are the complete absence of smoke and dirt, and the in- 
creased room, owing* to the whole of the machinery being 
placed below the deck. The chief difficulty attending the 
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use of the clectro-iiiotorH for propelliriK humchcs in 

that they cannot run to any groiit (liatuiuH* from the charging 
station. 

Messrs. Iminisoh & Co., who have ooiialnickJtl a nmnher 
of these launches, have endeavored to remedy this want 
on the river Thames by the oonatruotion of a number of 
stations at intervals for charging accumulators, so that a 
launch on arriving at one of tlioso statioiiH if its accu- 
mulators have run down, have tiicm c-si’lianju'd for frc.nh 
ones and proceed upon it.s jourmy. 

Other Alt plica tiona of /'//(.r/ru-d/igor.t.- Mlcctro-motors arc 
now coming into extensive use in inountiiiiious eountries, 
as, for example, in Switeorlaiul, for driving nuiehinerv hy 
means of water-power, at distances which Humetinujs extend 
to several miles. In America, wliero oleetrie ligliting from 
central stations is miudi more g<‘neral tlian in tiii.s country, 
electro-motors arc vtuy largely used for driving muehimTy 
in small woidcshops, where tlio power reijninHl wotihl not 
be sufficient to make it worth wliilo to use a steiun engijie. 
These motors are used for driving printing preswm, tailors' 
and shoemakers’ sewing maohinoB, watchmaker*' lathes, and 
similar apparatus; and there is no doubt that, as the system 
of supplying electric current from central stetions extends 
in London and other Plnglish towns, elw-tro- motors will be 
more and more employed for similar purposes in this 
country. One of tlie great advaTitagc^s of tin* elec’tro-niottfr 
for purposes such as those is that it can b«t lixtul just wlieru 

is required, and used to drive a machine, without the 
intervention of belts, driving pulleys, and shafting. This 
is very well illustrated in Fig. 86, which shows an electro- 
motor driving one of the fans now so extensively ustnl for 
ventilating ships, factories, mines, etc. For driving vciiti* 
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lators and other machinery in mines the electro-motor is 
especially valnable, as it does away with the driving rods 
and other moving gear, which has always been a sonrce of 
trouble in the shaft of a mine, replacing it by a simple 
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fixed cable. Witb regard to tlie applications of electro- 
motors for use in private houses, where the electric current 
is supplied from central stations for lighting purposes, such 
of my readers as may be amateur mechanics will easily p®^* 
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ceivo what an advantage it would bo to bo able to drivo 
tboir lathos or other machinery by means of a small motor 
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which could bo sot in action in a mo- 
ment by simply inserting a pair of 
contact plugs into a shoe, as it is 
called, fixed at any convenient part 
of the room. Fig. 87 shows a shoe 
suitable for this purjiosc, or for use 
with an electric reading-lamp. Some 
of my lady readers would jirobably 
bo glad to work their sewing ma- 
chines in a similar manner, by means 
of a motor which can be fixed <]i- 
reetly under the table which sup- 
ports the machine, and which will 


occupy considerably less apace than the treadle arrange' 


ment generally employed. 
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CHAPTBE XVII 

BI.ECa?EO-MBTALLUEG'Y 

1 PK0P0SE to consider under tHs head the electrical 
(lopoaition of metals, or, as it is now called, electro- 
plating, and the application of electricity to the puri- 
fication oC metals and the reduction of metallic ores, together 
with the recently- invented process of electric welding. 

One of the first experiments tried hy every schoolboy 
who has been allowed to amuse himself in his holidays by 
constructing and oxj)erimenting with galvanic batteries, is 
to <)opy medals or coins by taking models of them in some 
such substance as plaster of Paris, then making the sxirface 
of the model a conductor of electricity by rubbing it over 
with black-lead, mid finally electro-plating it with copper, 
hy attaching it, hy moans of a wire, to the negative pole of 
a battery, and susjiending it in a vessel containing a solu- 
tion of sulphate of copper in which is suspended a plate of 
copper, connected hy moans of a wire to the positive pole 
of the battery. 

In the year 1801 Wollaston discovered that if a piece 
of silver in connection with a more positive metal were im- 
mersed in a solution of copper, the silver became coated 
over with a layer of copper sufliciontly coherent to stand 
the operation of burnishing. Two years later Oruickshank 
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observed that when a cuiTcmt from a galvanic battery was 
passed, by means of silver wires, through solutions of vari- 
ous salts of lead, copper, and silver, the metals attacdunl 
themselves to the wire connected to the zinc end of the 
battery; and in the year 1806 Brugnatclli made the first 
practical application of electro-plating of which wo have 
any record by gilding two silver medals, by attachitig them 
to the negative polo of a batUny, and suspending them in 
a saturated solution of a salt of gold. 

Electro-plating, as a practical art, may howc'vcu* 1x5 con- 
sidered as deriving its origin from the work of Prohissor 
Jacobi of St. Potersl)urg, and of T. Sp(*ncer of Livc^rpool, 
in the year 1839. Jacobi’s galvano-plastic process, as bo 
called it, enabled him to convert any line, however fine, 
of an engraving on copper, into a rePud, by an electro- 
plating process which, he des<5rilK‘S as luring appru*.a.hle to 
copper-plate engraving, copying im^daJs, prodiudng stc.n^o- 
typo plates, copper- plating plasUu* ornanunits, and the man- 
ufactiiro of calico printing blocks and path^rns for pa^x^r 
hangings. 

The first patents in this country and in Pratico were 
taken out by Messrs. Elkington, of Birmingham, who still 
occupy the foremost position in the clcctro-pIatiTig industry 
in this (jountry. 

The earlier elcelro-platiiig work was of e.ourst; (*arri<Ml 
out by means of primary baUerit^s; but tli(\s(5 an^ no longer 
used for the purpose, except for operations on a wry Hinall 
scale— such, for example, as those of the sc'hoolboy to wlnnu 
I have referred— atid the c'Jec^trie eurrtmt requinxi for t!m 
purpose is now always obtained from dynamos. Tlie dyna- 
mos employed for the tranBrnission of elecstric energy and 
for producing electric lighting currents would be cpiito un* 
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suitable for use in electro-plating, for the quantity of metal 
deposited in the bath depends only on the strength of the 
current, and not upon its electro-motive force, so that it is 
only necessary to obtain an electro-motive force sufiicient 
to drive the current through the bath of liquid in which 
the objects to be plated are immersed. An electro- motive 
force of four or live volts is usually amply sufficient for this 
purpoBo; and if it is much higher than is required, not only 
is there a useless waste of energy, but it is found that the 
metallic deposits become uneven and wanting in coherence. 

The dynamos to supply current for electro-plating must 
thoreforo give a largo current at low pressure, and there- 
fore they must have a very small internal resistance, which 
means that tlie coils must bo made of tliick wii'C, and there- 
fore comparatively short. Continuous current dynamos are 
of course the only ones that can be employed for electro- 
plating, and the method of exciting them must be such that 
there is no danger of the current becoming reversed, as the 
result ot this would bo to remove the metal which had 
already beem (le])oHitxMl iii>on the object to bo plated. 

One of the most important- and best known electro- 
plating operations consists in the deposition of gold and 
silver on various less expensive metals. Another impor- 
tant application, which is rapidly becoming a great indus- 
tiy, consists in covering readily oxidimble metals like iron 
with a thin layer oE a more durable material, such as nickel. 
This process is largely employed for trappings of harness, 
the ironwork of carriages and cycles, and also for many 
artichm of ordinary daily use. 

The electro dcqiosition of iron, first carried out by Jacobi 
and Klein, hns rec.ently found an important application at 
the hands of Professor Itoborts- Austin, who employed it for 
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obtainiriig t!io dicB for Btrikirig the medals issued on tlie oc- 
casion of the Queen’s Jubilee, The medals were originally 
modelled in plaster, and the casts reproduced by tlie electro 
deposition of copper; and finally tbese copper dies were 
plated with colierent layers of iron, nearly a tentli of an 
inch in tbickneBS, and hard enough to be used for stamp- 
ing. The greatest drawback to this very interesting process 
is that the operation of obtaining a layer of this kind, suffi- 
ciently hard to be used for stamping, (K‘.(uij)ies from thnn) 
to five weeks. 

In Chapter X, I allnded to the fact that coppi^r wire 
of great tensile strength and very low electrical rcsistaiUH) 
is now being produced at a lower price than used for- 
merly to be paid for ordinary commercial copper. This 
is effected by means of a process designed by Mr. Klrnore, 
and which is now being carried out at a factory er(u*.t(‘d 
for the pui’iiose at (hx'.kermouth. 

The process, which is not only appli(‘.al)lo to the pro- 
duction of telegraph wires, but also to tlu^ nuuiufac.turt^ of 
copper steam-pipes, suitable for boilers ami otluu* ptirpost's, 
of great strengtli and homogeneity, is known as the electro 
burnishing proaessy and consists in the electro clepoHition of 
copper upon a mandril immersed in the copjKU* liath, and 
maintained in eontinnous rotation. 

The copper as it is dcposiUul is coinprt'SHtxl into a firm 
homogeneous masB by meauH of a hurnish(u’, which always 
presses against the mandril, and traverses continually up 
and down it as the latter rotates. 

Tubes of a very largo siise can be made directly in this 
manner, and in order to obtain a telcgrapli wire from one 
of these tubes a lielicsal out is made, by means of macdihiary 
Bpacially constructed for the purpose, starting froin one end 
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of the cylinder and passing round it in a helix until it 
reaches the bottom. A helical strip of copper of square 
section is thus obtained, and this is drawn through a series 
of circular holes gradually diminishing in size, cut in steel 
plates, until the strip has been drawn out into wire of the 
required gauge. The latter part of the operation is exactly 
similar to the ordinary process of wire-drawing. 

In the year 1871 Elkington first proposed to precipitate 
copper clectrolytically from the fused sulphate of copper 
and iron which the copper-smelter designates by the term 
regulus. Thin copper plates were arranged to receive the 
copper as it was deposited, while the other metals present, 
including gold and silver, fell to the bottom of the solution. 

Electricity has also been largely employed for obtaining 
pure copper from the impure form known as ‘‘blister cop- 
per’’ or “blade copper,” the impure metal being attached 
to the positive terminal of the dynamo, and immersed in a 
bath of sulphate of copper, while the pure metal is deposited 
on a thin strip of copper attached to the negative terminal of 
the dynamo. This process is now so extensively used that 
largo dynamos have been specially constructed, which, with 
an expenditure of 100 horse-power, will produce eighteen 
tons of pure copper per week. 

It was BUggOBtod by the late Sir William Siemens that 
the exceedingly high temperature of the electric arc might 
be advantagoously utilized in the fusion of metals with high 
melting points, and ha actually constructed an electrical fur- 
nace in whicli ninety -six ounces of platinum could be melted 
in tan minutoB. 

His exporiinonts were unfortunately interrupted by his 
untimely deatli, but the method haB been recently developed 
mdi carried out on a very large scale by Messrs. Cowles, for 
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tlie purpose of isolating aluminium from corun am, and 
alloying it immediately witli copper or iron, in order to 
produce tlio aluminium alloys which are now so exten- 
sively employed for various purpoBC3B* The adaptability 
of tlie aloctrie arc for the production of alurniniiiin alloys 
was, like many other important discoveries, made acci- 
dentally, while the inventors wore engaged upon a re- 
search directed to a totally different obj(x3t. It api>ears 
that the two brothers, E. IL & A* II. Cowles, went over 
to South America some time ago to develop a v/mc mine 
in wliich their father had invested a considerable amount 
of capital The ore was found to be extremely ricdi, not 
only in zim, but also in silver; it was, however, so re- 
fractory that it could not be reduced in the furnaces 
which were available. 

Some of the ore was then setit to Ohio to bo rcMluced 
in a more powerful furmuHi, but ov<m this faikul to reduce 
it; and it thoreforo appeared at lirst sight as if the mine 
would have to be abandoned, but, fortunutedy, oihj of the 
brothers was an electrician and the other a clunniHi, and 
the fonner suggested that the high temperature of the elec- 
tric arc might possibly be turned to account to tBxtriciite 
them frmti their diniculty. 

They immediutcly set to work experimenting with tlie 
object of testing this suggestion. In their lirst ex[)eriments 
they filled a pipe of fire-clay with a mixture of the crushed 
ore and charcoal powder, placed a bunch of electric liglil 
carbons at each end of it to act as. clecirotltis, and cdosed 
up the ends. A current from a small dynamo was then 
sent through tlve {>ip0, and after a short time the ore wm 
found to be reduced, but the pipe also mm partly xnoltedi 
which was a very undesirable result. 
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The melting of the pipe was soon found to be due to the 
fact that the charcoal powder, which in its original form was 
a bad conductor of electricity, was conyerted by the high 
temperature into graphite, which is a fairly good conductor. 
The difficulty was overcome at the suggestion of the chem- 
ist, Mr. A. H. Cowles, by the very simple method of soaking 
the charcoal powder in lime water, and drying it before use. 

The coating of lime thus obtained prevented electric con- 
duction between the neighboring particles of the charcoal, 
and thus enabled it to retain its insulating properties, even 
when a portion of it had been converted into graphite. The 
inventors very soon recognized that this furnace was exactly 
what was required for the reduction of the oxides of alu- 
minium, and experiments, which were perfectly successful, 
were very soon made upon corundum as the raw material. 
At the works which have now been erected, a current of 
5,000 amperes is supplied at an electro-motive force of sixty 
volts, by means of a single dynamo of immense size, prob- 
ably the largest which has ever been made. 

The heating power of large currents has also been util- 
ized by Elihu Thomson in the United States, and by Ber- 
nardo in Eussia, for the purpose of welding metals. The 
Thomson process, which is chiefly employed for uniting 
wires and other pieces of metal of comparatively small 
cross section, consists in simply pressing together the two 
pieces to be united, while a large current is passing, when 
the heat developed at the junction is found to be sufficient 
to soften even refractory metals so much that they can be 
easily united. Brazing can also be successfully effected 
by putting brass on the joint while the current is passing. 
In a paper read before the American Society of Arts in 

1886 Thomson suggested that the method would be of great 
Science-— Yol. XIII— *12 




264 ELECTRICITY IN MODERN LIFE 

value for making tko long lengths of pipes for boiler coils, 
for making endless bands for saws, wheel tiros, and iron 
and steel links for chains; and ho also considered that 
there would bo a wide scope for the process in the repair 
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of pulleys and parts of inaohines, for whioh it was exten- 
sively used in the Thomson- Houston factory. Welds made 
by this process have been severely tested and in every case 
it has been found that the weld was quite as strong as the 
other portions. 
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Bernardo’s process consists in making tlie metal to be 
welded tbe negative pole, tbe positive pole being a carbon 
rod. This process has been employed to a considerable ex- 
tent for repairing metal plates in situ^ as, for example, the 
plates of a boiler. In order to weld together two pieces 
of boiler-plate, one of the tex'minals of a dynamo or set of 
acciiinulators is attached to the plate, and the other to a 
carl)on rod an incli in thickness, held in a portable insu- 
lating holder; the metal is then touched with the rod, which 
is immediately withdrawn from a quarter to half an inch, 
thus forming an arc, as shown in Big. 88, which is taken 
from a photograph. 

The metal at the point where the arc is formed melts im- 
mediately like wax, and runs perfectly fluid. When looked 
at through the dark glass employed to shade the eye from 
the glare of the arc, the latter appears like a blow-pipe 
flame, and is manipulated in very much the same way. 

The xxse of accumulators makes the whole apparatus 
easily portable, so that it can bo carried to the place 
whore the repair is required, instead of the plates having 
to bo takcti out and carried to a forge, and then brought 
back and replaced. 
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CHAPTER XVIII 

KI-KOTUIOtTY IN WAKFABB 

E lectrical torpedoes.— I montioned in Ohap- 

tor XI. that Homo of tho ourliost submarino olectrio 
cui»loa wore constructed for tho purpose of exploding 
mitios from a distance. Since that time submarino mines 
or torpedooB have booxx invented, and brouglit to a very 
high state of porfootiou. 

Torpedmm, Hindi as those of Wliitidiead or of Brennan, 
which can be propelled througli the water, to attatdv a hoH- 
tilo voHHol, are almoHt all worked by purely mechanical 
means without tho aid of electricity, and therefore do not 
ooino within the scope of this volume. 

In the case of fixed or stationary torpedoes or submarino 
mines, however, this is not tho case, as these are almost in- 
variably controlled and fired by means of (dectric currents. 
Tho earlier submarino mine.s wore fired mechanically on 
being struck by a vessel puHsing over them, but tho use 
of mines of this kind, even when they are of tho moat per- 
fect construction, is attended with extremely serious disad- 
vantages, In the first place, tho operation of laying them 
down is an exceedingly dangerous one, especially if the sea 
is at all rough, for the firing arrangement has to be placed 
within the torpedo before it is moored, and as soon as this 
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is done it is liable to be exploded at any moment by an acci- 
dental jar. Another serious disadvantage is that, unless a 
secret channel is left open for the passage of friendly vessels, 
the torpedoes will prevent their entrance into the harbor 
just as much as hostile ones; and if such a channel is left 
it may bo discovered and made use of by the enemy. Or 
again, a friendly vessel entering the harbor may, through 
bad weather or the mistake of a pilot, come in contact with 
one of the mines and be destroyed. Finally, when such a 
system of mines is laid down, the operation of taking them 
up when no longer required is one which is even more 
dangerous than that of laying them down. 

All these defects are entirely obviated when the mines 
are lired by means of electric currents which can be con- 
trolled from the shore; and the only disadvantage attending 
the employment of the latter system is the possibility of the 
enemy obtaining access to the firing station, or to the cables 
connecting it with the mines, and rendering the torpedoes 
harmless by cutting tlic cables. 

The disadvantage arising from this possibility is, how- 
ever, a small one com])ared with those attending the employ- 
ment of pundy mechanical submarine mines, and there- 
fore those now employed for the defence of harbors and 
river estuaries are almost invariably controlled and fired 
electrically. 

Elootrically controlled torpedoes may be divided into 
two classoB— viz. , those which are fired by closing the circuit 
on shore when a hostile vessel is observed to be sufficiently 
near to insure the explosion teking eftect; and, secondly, 
electro-contact torpedoes, or those in which the circuit is 
closed by nmans of a circuit-closer, either contained in the 
torpedo itself, or in a small buoyant vessel moored to 
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the torpedo by a chain or cord of such length as to keep 
it a short distance below the level of the water. 

The system of firing by observation is only practicable 
in clear weather and by day, or with the assistance of the 
electric light, while the electro-contact system can be em- 
ployed at any time. On the other hand, the oloetro-contaot 
torpedo will only explode when the circuit-closer is actually 
struck by the vessel, and as torpedoes have to bo moored 
at a considerable distance apart, in order that the ox|)loHion 
of one may not explode its neighbor, the explosion of one of 
the torptuloes forming a line of defence would nooessarily 
greatly reduce the chances of a ship coming into collision 
with an electro-contact mine, though it might easily pass 
near enough to be destroyed, or at any rate disabled, by 
a submarine mine fired by observation. Thus the most 
complete safeguard is afforded by a combination of the two 
systems. 

Submarine ininoa of either class are usually charged 
either with some fortn of dynamite or with wet guncotton, 
and those can only bo exploded by moans of a bursting 
charge formed of some detonating composition, and the 
most suitable material for this purpose has been found to 
be mercurial fulminate. The fuse is usually flrod by the 
heating, by moans of an electric current, of a flue wire, 
usually of platinum, or an alloy of platinum with silver or 
iridium, imbedded in a mixture of finely -powderud gun- 
cotton and mealed gunpowder in equal parts. Below this 
is placed the bursting charge of mercurial fulminate. Fig. 
89 shows a fuse of this kind, which is employed for sub- 
marine mines by the British Government. Fig. 90 shows 
a form of oirouit-oloser suitable for eleotro-conteot torpe- 
does, designed by Colonel Buoknill, and described by him 
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in a recent volume of “Engineering,” to tlie editor of wHcli 
journal I am indebted for this and tbe preceding illustra- 
tion. MM is a permanent borsesboe magnet, to wbicb a 
ball, B, is attached by means of a spring, as shown in tbe 
diagram. 

If the buoy containing tbe apparatus is struck by a vessel 
this ball is drawn sidewise against a silk cord connected 


Muftiptg. 

Capper 

Wtrts 

covered! 

with 

Cutta 

Pcrctia 

Slnciing 


4 

fulminate 


Fi0. 80. Fxa. 00. 

witli an adjusting screw at one end, and witli a spring detent 
at the other. This pulls down the detent and releases a 
wheel driven hy edockwork, which then inakcs a complete 
revolution slowly, during which period the cable is con- 
nected through the fuses to earth, so tliat the mine can be 
fired if dcBired. The ellect of its having been struck is 
automatically indicated to the operators on shore, and the 
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time taken by the rotation of tbe wheel gives them time 
to disc'-over whether the circnit-closer has been ojHvrated by 
the shock of a countermine or by a blow from a hostile 
vesBcl. 

To the poles, NS, of the magnets are secnircMl the cores 
of two low resistance electro-magnets, CO, one end of thtj 
coil wire being connected with the line, and the other to a 
contact-stud, h, ddie arinature, A, is scumnul by a spring 
to the lixed insulated point, P, whemio an insulated wire is 
carried through tlu^ fuses to earth. '’Fho other end of the 
armature s]>ring carries a contaet-stutl, n, which iUigageg 
with h when tlio armature is attracted to ns^ the i)oIes of the 
electro- magnet, to which it is prevented from permantmily 
adhering by means of two small ivory pegs fixed to the 
under side of the cores. The strength of the armature 
spring can be adjtiBted by moans of a s(‘(*ond sprin*.^, (.J;. 
An india-rubbeu* ring, r, tiinl to a imUal ring prtnumis the. 
ball, 15, from oscillating too vioicnil)'. When this appa- 
ratus is employed as a detached circuit-closer for a large 
mine moored below it, the stud, is earth-cjonmu^tcd through 
an interposed resistance of about 1,()0() ohms, and in all cases 
P is connected to earth through the fuses, I'his <nriuiit- 
closer can he used cither for firing the mine hy <d)Hcrvation 
or by contact. 

In firing by observation its action is as follows: 

The eoilB, 00, are wound so that a negative current from 
the shore increases the normal polarity of tlm soft iron cores; 
consequently when the negative |H>le of a firing Imtkiry is 
connected with the line, a cumnt passes through the coils, 
00, and through the 1,000 olims resistance to earth, eiiusiiig 
the armature, A, to be attracted to tlie ©lac5tro«-inagiiet, nnd 
thereby sending a current from tihe fuses to the earth, the 
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resistance on the fuse circuit being low enough to cause 
the mine to be exploded. 

If, on the other hand, it is desired to fire the mine by 
contact, the negative pole of a weak but constant battery is 
connected to the line, and when the circuit- closer is struck, 
the armature is held up mechanically, and retained in that 
position by the magnetic attraction. The signalling battery 
gives a signal to the shore, and the firing current can now 
be switched into the line or not as desired, the mine struck 
being indicated at the firing station by the deflection of a 
galvanometer, and by causing an electric bell to be rung. 
Only one mine, with a detached circuit-closer arranged in 
this manner, can be attached to the same line, but when 
tlie apparatus is employed for mines to be exploded by 
contact only the wire from b through the 1,000 ohms coil 
is omitted, and several mines can then be connected with 
a single cable, either one after the other, or in a bunch. 

Gun-Firing by Electricity . — Electrical arrangements are 
now very frequently adopted for firing all the guns in a 
battery simultaneously, or for firing a broadside from 
a man-of-war. 

In the latter case the coiuhicting wires arc carried to the 
conning-tower^ the shot-proof tower from which the captains 
of our modern turret-shipB will direct the evolutions of a 
vessel during a naval engagement. 

When the vessel is approaching an enemy’s ship the 
gunners will keep each gun trained upon the enemy’s vessel, 
and tlio captain will depress the button at the moment that 
ho considers the right one for delivering the broadside. 
This arrangcitiont will probably prove to ho of the utmost 
value, as there is little doubt that in the next naval engage- 
ment the first elective broadside will sink or totally disable 
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the vessel receiving it, so that tho result of a combat bcstween 
two ironclads will mainly dopctul u])ou which vessel is able 
to lire first with elfoet. 

The Tekijraph and die Telephone in War . — Tho establish- 
ment and maintenance of an eifeotivo system of tolegraphio 
communication between tho dilleront armies, and tho dilTer- 
ont portions of each army, engaged in a campaign, has 
already been proved, by tho experience of several great 
wars, to bo of the utmost possible importance; and in addi- 
tion to the fixed lines, carried upon poles or undergrouml, 
portsiblo linos are employed to a considerable extent, tho 
line-wire being wound upon drums, which are carried on 
to tho field of action, so that the commander- in-ohief can 
telegraphically direct the operations oven of tho divisions 
actually engaged in fighting. 

It might at first sight appear that tho telephone could bo 
omjdoyed with advantage to replace the ordinary telegraphic 
signalling instruments for such a ptirpose as this, but, as is 
pointed out by Messrs. Preoeo and Maier in their work 
on tho telephone, its use under such circumstances is open 
to very serious objections. 

In tho first place, it is an invariable and salutary rult! in 
tho British army that all important orders must be delivtmjd 
in writing, and tho value of this rule is shown by the num- 
ber of instances on record in which fatal blun<ler8 have been 
directly faracod to the misapprehension of verbal orders. 
Now, as is pointed out in tho work alluded to, an order 
transmitted by telephone is worse than a verbal order 
delivered from one pereon to another, as it will pTObal)ly 
be transmitted verbally between two clerks who do not 
understand its meaning, by means of a mechanism which, 
although of the greatest value and ingenuity, is far less 
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efficient than the human voice addressed directly to the ear; 
and in illustration of this an incident is mentioned which 
occurred on a military line, fortunately, however, in time 
of peace, when some intelligence as to the whereabout of 
a submarine mine case at the Needles was received as an 
urgent demand for a case of needles. 

If such mistakes as this can occur in time of peace, thei'e 
can be no doubt that they would be much more frequent if 
the telephone were employed upon the battlefield, where 
the roar of cannon and the rattle of musketry would be 
reproduced by the transmitters and greatly interfere with 
the distinctness of reproduction of a message. 

There can be no doubt, liowever, tliat tliere will be great 
scope for the use of tlic telephone in. camps, not in the 
immediate prcBcnco of the enemy, for carrying out the 
routine business of the camp, promulgating orders, requisi- 
tions, etc., and its use would not only reduce the number of 
orderlies at present required to conduct the large amount 
of corrcBj)ondencc of this kind in a largo camp, but would 
very greatly diminish, the loss of time between the asking of 
a simple ([ucstion and the receipt of the answer. The tele- 
phone, is also found to be of considerable use as a tclegraj)h 
receiver for employment in field telegraphy, as it is exceed- 
ingly sciiBitive, BO that communication can 1)0 carried on 
through faulty lines, or even through bare wires simply laid 
upon the groxxnd. Tlvis senBitivonosB also enal)lcB much 
Binaller battery power to bo employed than is required when 
ordinary telegraph rcceiverB arc used. Another very great 
advantage is that when the tolephono is used as a telegraph 
receiver it never rcMpiires adjiisitncnt, and this often saves 
a eoiiBiderahlo amount of time in rapidly running out a line 
and establishing communication. 
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MesBiB. Prceco and Maier inform ns, moreover, tliat the 
bujazing Bignaln given in the telephone receiver are much 
more eanily picked up by signallorB trained to read flag and 
lamp Bignals than thoBC of the MorBo iuBtrumenta. The 
current uBcd m an intermittent one, and this intermitUmt 
current i)roduoe8 a niuaioal note in the receiving telephone. 

Thin Byatom, has been UHcd with great advantage in our 
recent warn, inchiding the Egyptian and the IkH’.hnattaland 
oxpeditionB. 

All the mcHHagCH from the field of Tel-el-Kebir wc^ra nent 
in tluH manner, and in the Nile expedition it wiib founcl on 
Bcvtvral occanionH that itn ubc enabled very important mea- 
BagaH to be Bent through |)ortionB of a long line, wliich, 
owing to fimlta, were unworkable by ordinary inBtrtimantB, 

The tele|diono in tined to a <u>nBiderable extent, and with 
the gr(^at(‘Ht advantage, in rifle pra(tti(m, both in thin <*ountry 
and in (lermany, for <u>mmunic4iting betwcum the luarkerB 
at the target and tlie firing Htation. 
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CHAPTER XIX 

MEDICAL ELECTEIOITY 

T he electrical phenomena presented by the tissaes oi 
the living animal body, obscure as the subject is, 
deserve a brief mention; especially as electricity 
is now so largely used in the treatment of various dis- 
eased conditions. 

Muscle and nerve are the living tissues par excellence. 
and it is their changes of electrical state which have beer 
most studied. 

Currents of Rest . — If one end of a cylindrical muscle is 



out off, as shown in the diagram. Fig. 91, and one electrode 
of a galvanometer of appropriate construction placed on th< 
centre of the cut surface at a, while the other electrode i 
placed on the equator of the muscle, bb, the existence o 
an electric current between the two points will at once b 
clearly evident. The existence of a similar current in 
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piece <){ a nerve-trunk similarly treated can ho demonstrated 
in the same manner, tliough the nerve current is much 
Iceblur than the inusole one. These currents are termed 
“Currents of Rest”; but ■whether they are tiatural or arti- 
licial~-{.e., whether existimt in perfectly healthy tissues, 
or only as a result of injury— is a (prostion which is still 
siih jiulicc. Those who maintain the latter view lay stniss 
on tlie undoubted fact that the surface of the tpuesi’ent frog’s 
heart, which is prac.tically a mass of muscle, is itio-ekclrii;-— 
i.t\, <m whatever two points on its surface the electrodes are 
placed no current flows through the galvanometer. 

(Jitrrenis of ylc/foM.— Whatever bo the truth as regards 
the currents of rest, there is no (piestion as to the occurrence 
of marked changes of electrical condition when a muscle or 
a nerve is stimulated. If, iii a muscle prepared as aliove, 
tlio galvanometer is showing a distim-t (uirrent of rest, as 
soon as the musele is madt* to contract hy stimuhitiiig its 
nerve, the needle of the galvanomcUw swings back toward 
550ra, a pheuomenou known us the ntyatii'f. lutrinUiin of the 
current of rest. But a like olectriual change can be <lemon- 
Btrated even in the absence of atiy current of rest- c.y., at 
each oontraotion of a frog’s heart a very distinct curnuit 
(shows itself. Honoe the term “Current of Action” is pre- 
ferred by those who deny the exisleneas of any natural 
“Current of Rest.” This change of {dectrical stak' in the 
muscle precedes the clmnge of form whicli is the visible 
result of stimulation, and, like tlie contraction, triivels in 
the form of a wave, each portion of muscular Bubstunco, 
as it contracts, becoming negative to thoBc portions which 
have not yet oontraoted, or which have returned to a state 
of rest. 
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nerve whicli lias been stimulated; it travels at the same rate 
as the nervous impulse, i.e., about twenty- eight metres per 
second in a frog’s nerve — a rate so much slower than that 
of an ordinary electric current, that by itself it suffices to 
show that the nervous impulse is something essentially 
different from an electric current. The association of such 
electrical changes with vital phenomena, when first observed, 
led some too hasty people to the conclusion that they were 
identical, a view to which are due the foolish statements, 
c.y., “Electricity is Life,” which figure so prominently in 
the advertisements of various quacks. 

The use of electricity for medical purposes depends 
largely on the fact that the activity of the muscles, nerves, 
and other tissues, normally dependent on that of the central 
nervous system — i.e., the brain and the spinal cord — can, 
nevertheless, be evoked by other means, mechanical, chem- 
ical, thermal, or electrical. The following facts illustrate 
the nature of the influence exerted by electricity upon the 
nerves and muscles. 

When a continuous current is passed into a nerve at- 
tached to a muscle, a single contraction of the muscle takes 
place, and a similar contraction occurs when the current 
is cut off:; but so long as the current is traversing the nerve 
the muscle remains quiescent. Although, however, there 
is no visible change in the nerve-muscle preparation, the 
condition of the piece of nerve traversed by the current is 
profoundly modified; it is in a condition known as electro- 
tonus^ and it can readily be demonstrated that in the vicinity 
of one electrode its excitability is markedly increased, while 
in the vicinity of the other it is correspondingly decreased. 
The passage of an intermittent current, consisting as it does 
of a rapid succession of shocks, into the nerve of a nerve- 
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muscle propuration, throws the muscle into a state of con- 
traction which persists as long as the current is passing, 
or until the muscle is exhausted. The muscle may also 
ho made to contract by the direct application of an electric 
current, continuous or intermittent, to its substance, without 
the intervention of the nerve; muscle substancci is, however, 
much more sluggish in its response to an elcctri<ial stimulus 
than is nerve substance, and unless tlic stimulus ac.ts during 
an appreciable period the muscle fails to respond. Iltmcc 
if the minute uervo filaments which ramify through a muscle 
bo destroyed liy disease or paralyzed by drugs, the mus(do 
cannot bo made to contract by the intermittent current, 
whereas the continuous current affects it reailily. 

Klcctricity is employed by physicians both for diagiumtio 
and for therapeutic purposes. As a diagnosti(! agent its 
ohiof use is in cases of paralysis, to aid in deciding the 
important <}uestion as to the site of the murbid process, or 
fault, to use a telegraphic term, whicdi has deprived the 
brain of its power over a muselo or group of muscles. The 
lesion may bo in the contra! nervous system itself, or nny- 
wliere along the tract of communication between tlds and 
the muscle or muscles affected — t.c., it may bo central or 
peripheral. In the latter case the minute nerve lllaments, 
which ramify through the muscle suhstance, waste away, so 
that the musolc cm no longer be made to contract through 
their agency ; in such a case the muscle mak«!H no response 
when sUmulatod by the intermittent current, whereas its 
reaction to the continuous current is even more prompt than 
usual. There are other distinctions, qualitative and quati- 
titative, on which it is unnecessary here to dilate. 

The therapeutic uses of eleotarioity are manifold. Ono 
of the most important results from its power of stimulating 
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muscles into action. Wlien tlie communication between a 
muscle and the central nervous system is impaired by dis- 
ease, the muscle, being unused, rapidly wastes away, and in 
cases which tend to recover there may be little muscle tissue 
left by the time that the natural process of repair has re- 
stored the integrity of the affected communication, so that 
the paralysis is permanent. In such cases the physician is 
able, by the aid of electricity, to give the paralyzed muscles 
such regular exercise as suffices to keep them healthy until 
the central nervous system has had time to regain its power 
over them. 

Electricity is often of great use also in cases of neuralgia, 
rheumatism, painful spasm, etc. Thus, a nerve-trunk may 
be in an unduly excitable condition, or may be conveying 
to the brain impulses originating in a disordered peripheral 
organ; by putting such a nerve into the electro tonic con- 
dition, its excitability or conductivity may be modified in 
such a manner as to stop the passage of such morbid im- 
pulses, so relieving pain. It is easy to see, however, that 
in such cases the character and direction of the current to 
be employed are points requiring careful consideration; and 
if used without knowledge the remedial agent may aggra- 
vate instead of alleviating the morbid condition. 

Electricity is also frequently employed for its chemical 
and thermal effects. Electrolysis may be set up in a tumor, 
so initiating processes which stop its growth, or cause its 
gradual destruction; or in an aneurism, to cause coagulation 
of the blood and consequent consolidation of the aneurism. 
For cauterizing purposes, also, in parts of the body difficult 
of access, the electric current is frequently employed to heat 
a wire previously placed in situ. 

As an illuminating agent electricity is frequently em- 
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ployed to examine varioas passages anti hollow organs 
of the body, the pharynx, stomach, bladder, urethra, eitc. 

In conclusion, it may be well to remark that electricity 
is not a universal panacea, and that it does not act like a 
magical incantation. When the effect to be obtainetl is 
clearly realized, and the means employed are ade<mato and 
appropriate, the uso of oloctricity will often be of the great- 
est benefit; in the absence of these eomlitions it is far m(»re 
likely to be harmful. It is only fair to observe that the 
majority of the people who vaunt their inurvelloua belts 
and other oloctrical appliances apjienr to have Imme this 
fact in mind, and avoid harming their patrons by supplying 
apparatus which is as innoouous as it is useless. 
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CHAPTER XX 

MISCELLANEOUS Al>PLIOAa?IONS OP ELEOTRICITT 

I T WOULD be impossible in the space at my command 
to enumerate all the various useful purposes to which 
electricity is now applied, but I have thought it well 
to devote a short chapter to a few interesting applica- 
tions of electricity which could not suitably be included 
in any of the preceding ones. 

A very interesting and useful application of electricity 
in private houses is one which is now extensively adopted 
in America for enabling private dwelling-houses to be shut 
up during the absence of their owners without danger of 
being broken into by thieves, thus doing away with the 
necessity of oin])loying caretakers. 

The system is a very simple one, and consists in carrying 
a continuous wire in front of every door and window in the 
house, in such a manner that none of them can be opened 
without breaking or cutting the wire. One end of the wire 
is put to earth, while the other is carried to the central sta- 
tion established by the company working tho system, and 
connected to one of tho terminals of a galvanometer, the 
other terminal of which is put to earth. An electric current 
is kept continuously flowing through each of the circuits 
thus meeting at tho central station, either by inserting 
batteries in the circuit, or by means of a dynamo at the 
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central R+ation. Tlio galvanomotora arc watchcil day and 
iiiglit, iuid if any one of tlio circuits is Itrokcn the fact is 
at once indicated to tlio watchman liy the needle of tho 
galvanomotor going to zero. When this happens the {lolico 
are immodiatoly cornmnnicatod with, and a man is at tho 
Bamo time sent round from tho central station to repair 



tho hreakage and to lind out 
whether the interruption was duo 
to accident or not. 

Soon after tho intrmluotion 
of this system into the city of 
Washington a negro attorn pUnl 
to olfw-t an entrance into a house 
proteettid in this manner. lie 
was aware that the house was 
protected in some mysterious way 
Uy meuns of a wire carrying aa 
oloctrio current, and thinking to 
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of tlieir construction and manner of working may not be 
without interest. 

The ordinary form of electric bell, with its cover 
removed, is shown in Fig. 92. It consists of n electro- 
magnet in circuit with a 
battery, the circuit re- 
maining open when the 
bell is not in use, and 
being closed by some 
form of push-button. 

When the circuit is 
closed, the armature of 
the electro- magnet is at- 
tracted by the iron core 
within the coils, and the 
hammer attached to it 
strikes the bell. When 
the armature is thus 
drawn toward the electro- 
magnet, the circuit is 
broken, the electro-mag- 
net becomes demagne- 
tized, and the armature 
springs back to its orig- 
inal position, and again 
completes the circuit through the contact point shown in the' 
diagram. As long as the push-button is kept pressed down 
the bell will continue ringing. 

This is the system generally employed in private houses, 
but in hotels an indicator is usually attached to each bell, 
and when the push-button is depressed, not only does the 
bell ring, but the indicator falls, and, as long as it is down, 
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completes tlio circuit without the intervention of the button, 
BO that the bell continues ringing until the servant whoso 
busincBB it is to answer it has replaced the iiulicator, thus 
inBuring that the call should not pass unnoticed. The indi- 
cators beloiiging to all the rooms in a hotel are uiually 
arranged upon a single board in the manner shown in 
Fig. 91 

Many shops and warehouses are now provithnl witli elao- 
tric alarms, whicdi set a bell ringing if the temperatura rises 
to such an extent as to indicate that a fire has broken out, 
or, if no one is living on tlie premises, a signal is auto- 
matically sent to the nearest fire station, ^imiliir alarms 
are now employed in greenhouses to ring a bidl in the 
gardener’s cottage when the temperature rises above <ir falls 
l>elow certain limits. 

All the clocks in a large establishment can b«! reguliitod, 
if desired, by means of electric <njrrtmts, frcmi <me central 
one, so that it is sullicient to have one first’- rate clock in the 
system, th© others, of inexpensive eonstructiou, being mud© 
to, keep exact time by the oentriil i^igulator. 

Another application of ©lec^tricity of (|iiite recMUit dia- 
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A very striking example of its advantages was given 
in the blowing up of the rocks at Hell G-ate in New York 
Harbor some years ago, when a mass of many thousand tons 
of rock was blown up by means of dynamite cartridges in- 
serted in channels which had previously been bored by 
divers in all directions through the rock, and which were 
exploded simultaneously by the passage of an electric 
current. 

One more application of electricity I must mention, but 
only to deprecate it, and that is the proposal to employ it for 
the execution of criminals, which has been recently made 
in the United States. 

Every one who has any competent knowledge of the sub- 
ject knows that the greatest possible uncertainty attaches 
to the efiects of electric discharges upon human and other 
animal life, and though there would be no difficulty in 
employing a current of sufficient strength to insure imme- 
diate death, this result could only be attained with absolute 
certainty by the use of currents which would terribly dis: 
figure the body of the criminal, and the legislature of the 
State of New York has expressly stipulated that the currents 
must not be such as would cause disfigurement. 

I have no hesitation, therefore, in maintaining that it 
would be a most retrograde step to replace the present 
simple and humane method of terminating a criminal's 
existence by one which in some cases might allow him to 
escape with impunity, and in others might subject him to 
horrible tortures before life became extinct. 
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INTRODUCTION 

Dueing the past five or six years the advances in the 
various branches of electrical science have been many 
and decided; and although perhaps not exploited in the 
sensational manner of the early steps in the art, they have 
been of revolutionary character in many instances, and, to 
say the least, of the very greatest importance. The im- 
possible of a few years ago is the imminent of to-day and 
the ordinary practice of to-morrow. 

The electrical art is progressing by gigantic strides, 
each one of which brings it more intimately into the 
daily routine of modern life; and especially is this true 
of the United States, where capital is ever ready to en- 
courage promising enterprises, and where new systems con- 
stantly find fresh and comparatively unoccupied fields for 
development, whore the same end has been sought and 
only partially accomplished by inferior and inadequate 
motliods. 

In the following pages it is the intention to point out 
the advances in practical application which have occurred 
during recent years. 
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Professor de Tunzelmann has dealt very carefully with 
the complex theoretical propositions involved in the study 
of this art. He has had no easy task to reduce them to 
the simple forms in which they appear, and in which 
they should appeal to the non-professional reader. These 
questions will therefore not be touched upon by the pres- 
ent writer, and the following pages will contain, in as non- 
technical language as possible, a brief mention and account 
of those prominent features of development in the electri- 
cal art which are believed to be of general interest as en- 
tering into the application of electricity to modern life. 

F. J. 


Few York City, August, 1900 
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HEATING BY ELECTRICITY 

W E have seen that the passage of an electric cur- 
rent through a conductor is accompanied by 
the generation of heat in the conductor. When 
the conductor is of ample size for the current it is to 
carry, the heat produced therein may be almost impercep- 
tible. Many circuits are in use, including miles of wire 
and thousands of lamps, fan motors, and other apparatus; 
and in these cases the cost of the conductors is so great 
til at most careful calculations are made so as to use wires, 
in different parts of the circuit, of just sufficient size to 
supply the heaviest demand for current upon them from 
the apparatus with which they are connected, without be- 
coming heated to a degree which could set fire to adjacent 
woodwork or damage their own insulation. From this it 
will be understood that the constant effort and care of the 
modern electrician is to prevent the overheating of his 
condue.tors by the passage of the electric current in any 
and all installations for lighting or transmission of power. 

Tlie process of welding metals together by electricity 
referred to on page 26S, on the other hand, requires that 
the pieces to be united, which of course must bo conduc- 
tors, shall bo heated almost to the melting point at the 
phu*,o of contact, when the two thus softened ends are 
pushed together and effectually and permanently joined. 

Tills machine consists of a table upon which are two 
clamps, an inch or so apart and operated by hand levers, 
to secure and hold the ends of the pieces to be joined, 
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which may he the oxtroniitios of a band of iron to be 
made into a hoop. The onda of the band, pTOviously 
bent to a circle, arc graapoil by the clainpa and held 
together endwise. The current is now turned on, and in 
a few seconds the touching cuds of the hot)p become red 
hot, and very soon a dasszling white. At this point the 
clamps uro pushed together by a screw at the end of the 
table. This brings the softened and semi-niolton metals 
completely together. The flow of current is now stopped, 
and in a few seconds the weld will c(K) 1 sufllcicntly to 
allow the hoop to be removed. 

Under the table is {dneed a large induction coil, the 
primary coil of which is supplied with altcninting current 
from a suitable generator. Thu secondary coil is made of 
very large wire, of only a few turns, the ends of which 
are connected to tlie clamps, and its current jias.sed through 
the clamps on the ends of the metal to be joined, which 
are hold between them. When no work is in the ina* 
chine, the ends of the secondary coil are separated, and 
if the primary current is still flowing, lu) current will l>e 
generated in the secioiulary coil; hut just as simjii as two 
pieces of metal are fixed in the olattips, and their ends 
brought together, current will ho gonoratod in tlm second- 
ary coil in very largo volume, and such current, flowing 
through the ctids of the piece, will heat them with the 
results described. This method has a wide nitigo of use- 
fulness, and has already been extended the practical 
welding of the abutting ends of heavy railway mils, while 
in plaoe in the track, the wehfing apparatus being carried 
by a oar moving thereon. In atldition to welding prao- 
tioally all sism of pieo^, different metals aro so united, a 
thing entirely new, and including joints of oopiw to iron, 
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Steel to brass, copper to silver, brass to German silver, 
and many other combinations useful in the arts, but pre- 
viously not practically attainable. 

Another very interesting application of the heating ca- 
pacity of an electric current has been practically applied 
in the construction of the electric liquid forge. This is 
an apparatus for the heating of pieces of metal by electric 
current to the same extent and for the same purpose as 
in the well-known blacksmith’s forge. This is accomplished 
by moans of apparatus, such as shown in Fig. 94, in which 
A is a tank mounted on any sort of insulating support, as 
for example, wooden legs. The tank A is kept nearly 
full of a liquid j 5, which is rendered a fairly good con- 
ductor of electricity by the admixture therewith of a suit- 
able quantity of salt. (7 is a connection to the liquid 
B from the positive conductor of a continuous current 
supply circuit. Metallic contact rails 1) connected to the 
other, the negative side of the supply circuit, are placed 
around the edges of, and sometimes across the top of, the 
tank A, and are well insulated therefrom. A pump F is 
also provided for pumping some of the liquid into an 
xippor tank «, from which it is allowed to run down 
again into the main tank, and thereby maintain a circu- 
lation in said liquid. When a piece of metal, as d, is laid 
upon the rail I) with its end immersed in the liquid B, 
the current will pass from the liquid to the piece d and 
through said piece to the rail 1), and back to the genera- 
tor. In passing from the liquid to the piece to be heated, 
the current forms an arc enveloping the immersed metal 
and rapidly heating it to any desired degree. When hot 
enough, the metal is withdrawn by means of an ordinary 
pair of tongs and worked upon the anvil or under the 
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drop forgo as desired. It will, of course, bo understood 
that the rail J) maj be provided with auxiliarios, and 
with movable arms that may be adjusted into any |)08i- 
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teristics; first, that of force, called tension or voltage, 
which indicates the speed, so to speak, at which it trav- 
els; its other quality, which does most of the heating, is 
that of quantity or volume. It was found in electric 
welding that currents of enormous quantity but of 
very little force were required, so that in a welding 
apparatus a person, without the slightest danger, could 
touch the conductors carrying the current which produces 
the enormous heat necessary; for the reason that the ten- 
sion is low and the conductors necessary to carry a cur- 
rent of such quantity afford a better path to the current 
than the human body, which will therefore not leave its 
conductors. But even if it did, no injury would result 
so far as animal life is concerned. It is the shock from 
the force of the invisible blow dealt by a high tension 
current passing through the body that kills, and the same 
current which would kill a dozen men joined hand to hand, 
could, if transformed into a current of less force, or lower 
potential, and larger quantity, bo passed through them 
without injury. 

Acting upon this, electric heaters have been constructed 
which consist of a number of insulliciont or bad electric 
conductors thi'ough which a current passes, and in so pass- 
ing heats them. These conductors are arranged in groups 
attached to a suitable insulated base which may be placed 
in a street car or in a room, and will radiate heat in pre- 
cisely the same manner as the well-known steam radiator. 
Their great advantage, however, is that they may be placed 
wherever the heating effect is desired, can be turned on or 
off at will from any convenient point, emit no odor, and 
can be opornted from the ordinary supply of current for 
lighting. At present, however, these heatera are princi- 
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pally applied to electrically operated utreel eaW| for tiie 
reason tliat the kind of current l)y wliicli hcMitifig deviec?s 
would be most economically operated m not imiifilly avail- 
able, and tlio currents that are available, being productnl bir 
a dillercTit purpose, cause the exptmsa of beiitiiig by e!tM> 

tricity to exceed that of the ordinary inethods ■■sieiint, li«| 

water, hot air, or BtovcH-— that are more fiiiiiiliiir, iiiid 
with which buildings ar<^ alnuidy supplied. 

Wo all know tliat e.ooking can l>e efferted mi a gm 
I'ango iriuch more conveniently tlian by the use «»f cuuil, 
but that the gas range is much more expensive in oper- 
ate. Tliat is the condition of the electric henlrr iit iho 
present clay, ft is also well known that ii find gas can 
lie made and distributed at a far kiss cost limn iltuiniiiai- 
ing gas, and can than ba used for cooking piiirposes ihhi- 
nomically, being much <*.heapcr ami giving more heat tlmii 
illuminating gas in similar ({uuntity. Tin* pro|icr ciirrmit 
for heating by elacd-ricuty stands in tlie same ndaiiiin to 
lighting or power as does the fuel gas to the illitiiiiiiiiting 
gas. Notwithstanding tlie rea<ly availiduliiy of gas, Itow* 
ever, there are instatices in which hunting hj iiltH'iriciiy 
is applied most successfully and eonveniiiiitly iilmi to 
cooking. This is dona by providing tmcli vessel wilJi ii 
heater composed of a voW of wire or siiitalilti thiii ulrifiii 
of metal arranged so as to form a part of ilmslf, mid wlimt 
heated by the passage of a suitaldo curriiitl will rinliiite 
heat into the vessel witliout coming into ciotiliic!l willi im 
contents. Instead of placing a kettle itpoit thti wiovc to 
boil, you simply connect it with the coiitliie^»», anil the 
current will do the rest The heat d«vii!o{mfl by llic. cltf- 
trie current, as applied to cooking utoiisiki i« llte ulcinli- 
est and most gradual known. Thtw if no lltsliiig or 
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sparking, nor is it concentrated at a single point, therefore 
the food is not liable to be burned as by the intense heat 
of the gas stove, and with proper current — namely, that 
of small force and large quantity — there is absolutely no 
danger whatever. 

While electrically operated cooking utensils are not yet 
in general use, they are made by at least three firms in 
this country, and the apparatus comprises everything 
needed to carry on the operations of cooking. The con- 
struction of these vessels may be divided into three 
classes. One, that in which the heating coil or wire is 




fiq. m. 


incorporated into tlic vessel itself, as in the teakettle. In 
this a{)])aratus the heating coil, whicdi is a bad conductor, 
is placed in the bottom of the vessel and is surrounded 
by an insulating material, which prevents the current es- 
caping from the heating wire or strip to the metal of the 
vessel, which is in itself a good conductor of heat. A 
heating conductor covered with enamel similar to that with 
which cooking utensils arc often coated, undcu* the torrn 
porcelain-lined, gives good satisfaction, atul is safe, clean 
and durable. Fig. 95 is a chafhig dish on this princi- 
ple. Class two includoB a small Htoxe. upon which the ves- 
sel to be heatcal is set. In the case of electrical ap|)ara- 
tus tlu^sc are made small and may be set upon a table, 
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or suctt 8*11 arraiigonioiit 8*8 tliSit sliown in 96, witli 

an ordinary saucepan upon tlie stove, the sitove itself, 
■when the pan is removed, being available for heating 
calces, bread and the like. An oven is constructed 
■which is heated by a device similar to the stove, the 
heater being built into its lower portion and radiating 
directly into the oven. One other form of arrangement 
is in use, and this comprises a coil which is in itself so 
constructed that it may be immersed directly in the lic[uid 
to be heated, so that a large tubful might be heated 
wherever it happens to be. Another very convenient use 
for this immersion coil is for the well-known farina kettle, 



Fig. 97.— Farina Boiler. 


Fig. 97, the coil being immersed in tbe water between tbe 
kettle and tbe pan wbicb would ordinarily be set upon 
tbe stoYe. Tbe well-known enamel ware is exceedingly 
convenient for use in tbis connection, since tbe enamel 
is an exceedingly good insulator, and will prevent tbe 
escape and waste of current in case there should be a 
leak from tbe immersed coil. With tbe farina kettle tbe 
mil beats tbe water contained in tbe pan, and tbe ves- 
sel containing tbe farina or other delicate material to 
be cooked, standing in tbe heated water, becomes heated 
therefrom in the usual way. Heaters are made in various 
si^ and shapes. In nearly every residence there is a cold 
wbicb it is difficult to warm, or it is often desirable 
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to heat certain rooms, such as the nursery or sick cham- 
ber, to a higher temperature than the rest of the house. 
In the spring or fall, when the furnace is not running, 
the bathroom is chilly, or possibly, in extremely cold 
weather, the temperature needs to be raised ten degrees 
or more to make it comfortable, and liow to get this 
extra heat is a problem that has been difficult to solve. 

It is not claimed that it is economical to heat resi- 
dences throughout by electricity, unless the current is 
produced at a very low cost; but for such i)urpose8 as 
have been mentioned, or for heating small offices, no other 
system can compare with the electric air heater in effi- 
ciency, cleanliness and convenience. It commences to 
tlirow out heat the moment the current is turned on, and 
there htriiig no comlmstion, there is conscfjucntly no odor. 

The cost for current for operating electric heating ap- 
paratus cannot bo easily given, because there are many 
varia])le8 wliich would prevent axiy definite statement be- 
ing correct. First, the coat for current varies with the 
locality; in a city with very cheap fuel and liberal pat- 
ronage, current can ho Bupplicd at a lower price than 
where fuel is high and the patronage limited. Second, 
the amount of current used will vary the cost, as it 
is the general practice to give diBcounts for the amount 
used over a stated quantity. Third, the operators can, in 
many cases, use much or little to perform the same 
amount of work. This last statement applies particularly 
to donu^Htie ai>paratUB™f.£?., forty minutes’ emrrent supply 
will cook a roast that rcijuires to he for an hour and a 
half in the oven, yet a careless cook might leave the cur- 
rent on for tlui full time with no advantageous results. 
Water can be Ixoiled in a teakettle with full current in 
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say fifteen minutes, and then kept boiling with one-fourth 
the full amount. In using a radiator it may he allowed 
to run at full load — that is, the full power of current pass 
continuously through it — ^without seriouH discomfort, yet 
one-third the full supply would bo ample. To enable ap- 
proximate estimates to be made by those not familiar witii 
electrical terms, wo can state that the usual in<«uuU>Hcent 
lamp requires a constant su]>ply of 50 watts of elrc- 
trical energy. Take, for example, the teakettle; this re- 
quires 200' watts ma.'cimiim, whifih ecpials four lamps. 
This amount of current is ro<iuired fur fifteen minuttvs to 
boil one pint of wat(w (starting with everything cold), 
and then, by the oj)eration of the switch, tiie current sup- 
ply can be diminished and it can Im kc{)t boiling indefi- 
nitely, with only 50 watts, the current reipiired ftir <»m> 
lamp. Knowing tlui cost to operate a lump for oim hour, 
it is easy to compute the ef>st pttr hour for operating tlio 
different devices, if run continuously by the hour at a 
stated load. 

There arc many ittuus now nianufa<!tured for use in 
the homo, which, on account of the fai-t that they are 
only occasionally needed, use so little current that tho 
cost for operating them is not apiireciublc, and wimtil 
hardly be consiilered in (comparison with the amount of 
comfort and convenience to be deriviul. Kor instance, tiio 
cnrling-iron heater, the ebaling dish, seaming iron, small 
nursery stew-pan; all of these being articles whieii would 
not be sought or dosirahlo in tho kitchen, Imt oxec'cdiugly 
so in remote parts of tho house—tnore esjiceially when they 
could he had and used without dirt or disturbance, and 
could, in fact, ho connooted to a lamp socket and removed 
again in a few minutes. Another device is a heating pan, 
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wMcli replaces tlie old-fasMoned water bag, giving any 
desired degree of beat witbout danger of leakage, and also 
without tbe discomfort of being obliged to bave the bag 
too hot at first, in order that it should last long enough 
to be worth while. 

For Summer cooking and laundry use, special rates can 
always be obtained, and the cost for electric heat, if care 
is used, will be found about as cheap as other fuels. 
Actual experience shows practically no change in the 
room temperature in summer where electric cooking is 
in progress. 

TIME REQUIRED 

Stoves and griddles arc ready for use — {.e., have 
readied a tcmiicraturc for cooking — in from fi to 8 
minutes from time ctirrent is turned on. Broiler, 12 to 
14 minutes; oven, 20 minutes; farina boilers, 6 to 8 min- 
utes; chafing dishes, 10 minutes; stew-pan, 5 minutes; 
laundry irons, 8 to 10 minutes very hot; tailor’s irons, 
6 to 12 minutes; foot warmers, heating pads, 5 to 16 
minutes; cvirling-ix*on heattn*, 0 to 8 minutt^s; plate 
warmer, 10 minut<\s; soliUnfing iron, 6 to 8 ininutc^s; 
glue pots, 15 to 80 minutt‘s. 

To boil water, starting with wak^r and heater <M:dd: 
Btew-pan, 1 pint, 10 minutes; small teakettle, 1 pint, 15 
minutes; 6-inoh stoves (using suitalda flat laxtiom vessel), 
1 quart, 18 minutes; teakettle, I quart, 16 tuinuteH; 2 
quarts, 28 minute^s; hot-water urns, 1 gallon, half f«!!, 
in 86 minnt(‘H, full, in 1 hour; 2 galhuis, half ftill, in W 
minutes, full, in 1 hour and 20 minut«\H; 8 gallons, lifilf 
full, in 87 minutes, ftUl, in 80 tninutes; 6 gallons, half 
full, in 80 minutes, full, in 66 minutes. Very hot water. 
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about 175 degrees F., can be bad in about two-tbirds tbe 
time stated for boiling. 

Water beaters can be constructed -wbicb mil boil tbe 
(quantities mentioned in about balf tbe time, but tbe cur- 
rent re(quired "would be nearly double tbat mentioned, for 
any standard articles. Coil beaters when immersed in a 
covered vessel give the following results, using maximum 
current; and after water boils will maintain it at the boil- 
ing point with one-fourtb of tbe maximum: one pint in 
ten minutes, and so on, in accordance with the size of tbe 
coil and amount of current used. In one instance, bow- 



Fia. 98.— Tailor’s Iron. 


ever, electricity is now considerably used, namely that of 
Heating tailor’s irons, Fig. 98. The iron is provided with 
an insulated conductor imbedded near its lower face, 
through which the current continually passes, the great 
advantage being that the iron can be kept at practically 
a constant temperature, and its polished surface is not in- 
jured by contact with fire or by being placed upon a rough 
stove. 

The steam laundry using gas for heating the ironing 
machine is a thing of the present. The electric laundry, 
in which all machinery is driven by electric motors and 
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the ironing machines heated by the same agency, will un- 
doubtedly replace the former in the near future. In this 
connection the radical differences between tlie two sys- 
tems of producing electric current, the continuous and the 
alternating, can perhaps be simply explained. Continuous 
current, that is current flowing always in the same direc- 
tion, passes through the circuit, operating lamps or motora 
of the continnouB current typo, always witli the same force, 
losing only what is consumed or what is lost by travel- 
ling over the conductors. 

With the alternating current, however, the conditions 
are grt'atly altered. This current is g<uieratcd in substan- 
tially the same kind of dynamo-electric generator as the 
continuous <uirreut, but it (lows directly into the wires 
for distribution without being corrected or Htraighic‘m*<l by 
means o! a commutator on the generator, and thendori? lias 
a back-and- forth movement; or you may say that the cur- 
rc3nt is made up of an enormously rapid sucttesHion of small 
curronts first in one direction or of one polarity, and then 
of the otlu'.r. This alternating curremt to opt^rate 

incamlcHcamt la-mps just ns W(dl ns that of eonfinuouH tii- 
reetion, auid if there are, any variations in the light given 
thereby, tiny are so small and so rapid as to be impis*- 
ceptible to tlio eye. This <.mrrent is also iiscid to ci|ieriiki 
are lamps with slight mod ifl cations in tlic iiiitoiriiitic! ciir* 
l)on feeding devyiet^s, but such lamps can also be usi^il in 
C()niinu<)tis current circuits. The alternating eurreiit, Imw* 
even*, poHst*HHt^s the very great advantage of being tmpalilii 
of transftnmiation from a cmrrent cd great forri' ami siniill 
quantity, whieh traverses long lines id eom|inrat4Vi»Ij iiiiiiil 
conductors witli loss, into eurrents of stiiiill fow© ami 

large quantity at tlie i><>bit of eoii«iiiii|ilioii.. In llie eti« 
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of a building provided witli electric lainpn, whe^re it ia 
desired to also use cooking or beating apjiarataiH, tlie 
main high tension lines an^ tappenlj ainl a siiiall inau- 
latcd box called a convertc'.r and containing only two coils 
of wire is provided* One of the coils is connccttcHl to 
the line, and the other is connected tlu^ win^n en- 
tering the building from which the lamps are supplied. 
There is no mechanical connection betwetm these eoils^ 
nor are tliere any moving parts whatever in a coiivcuicr. 
The current passing through tht^ primary <»r supply coil 
acts inductively upon the distribtiting eoil, gemu-atiiig a 
similar alternating current thereiti of a foret‘ ami c|uuntity 
corresponding to tlie sii'.e of tlu^ wire? ccmipoHing the sec- 
ondary coil, so that the high tension mo’rcnt in the main 
lines can be reduced or transformetl to an entirely Imrm- 
loss low-tension currtmt entc*ring the buii<ting. Tiiis re* 
duction can be cnrrical on indellnittdy. A semnd trans* 
former may bo placed within the budding, which, liuving 
its primary coil supplied by the currmti operating tlm 
lamps, will give out a current of still lower force ami 
increased quantity suitable for the relatively ecommiirnl 
operating of heating devices, 

Tim general adoption of this plan is solely ii cjiieHiion 
of expense. Current, particularly by iilterriiitiiig iiietliods, 
is produced inueli more cheaply now than ten ypiirs iigo, 
due to the immense improvements in the consiructioii of 
generators. Slow-running ilynamos of emiriuoiis urn 
now being used and conrufcUnl directly to tiieir clrivirtg 
engines, instead of a large numlHir of siiiiill gciiiiraUirs 
driven at high speed Ihrougli btills iiiitl cotttiterstiftfte 
operated from one engine as foriiierly; il liidng well 
known that the pro|>orti0n of the power clofoloiiidi by 
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tlie engine whioli is required to drive tlie belts and 
oountersbafting is very considerable. 


DANGER TO LIFE 

We FREQUEiSTTLY hear of electrical workers being killed 
by tlie current and from this naturally proceeds the belief 
that all electric currents are dangerous, even deadly, and 
that any contact with a highly charged electrical con- 
ductor will rcBxilt in fatal shock. There is, however, 
much iniBunderstanding on this point. It is admittedly 
dangorouB to play with fire, also to enter a <T<>wded ma- 
chine shoj) in. full operation and to walk about c4irtd(*HBly 
without regard to moving parts or waving gurnumtH, and 
an electric power generating station would probably bo a 
very dangerous playroom. Yet the electriciium in charge 
survive their daily attendance u|>on atul care of the most 
dangerous machincB in regular operation. IIow <lo they 
do it? 

We have Been that it is the characteristic of foreo, 
voltage, in an tdectric current wliich makes it diingeroug 
to life. Also that in currentB to be eci.momica!!y distrib- 
uted over long distances, the charaeteristie of force iiiiigl 
predominate; but it is also true that for iin electric aiirr«*iit 
to produce death, ortho ap|)earance of tltmtli, it iiiUHt 
througlj the body. It is not Hudicient tluit it gfU.H into Iha 
sysitnu; it must also have an exit. Ftn* this ri^iisuri ihfre 
is always a dry w<Hiden pl!ith)rm or floor about, a liigh teii- 
gion gem.u‘ator, so that if the atttmdant were lci loiieti lull 
one of the tumducttirs forming a pari of the eireiiil mdlh 
one hand while standing npou the dry flour, which a 
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good insulator, tlio current covild not go through him and 
BO hann wouhl result; but let him do so and at tlie game 
time loan against a metal pillar or pipe eoniHH^tiHl with tlm 
ground, the current wotdd go directly ilinmgh him, ami, 
if suniciently powerful and eontiniicd for u few stHurndH^ 
would produce death. A high tension eleetric* eurrent 
strikes a terrible, sturnung blow itcetmipanic’d hy t‘*uitrac- 
tion of the musclas, so that lutving partially graspcMl a 
dangerous conductor and being in eoniaet iiirtjuidi some 
other part of his Ixuly with the oilier eomtuetur of the 
circuit or with the earth, the unfortuniiii^ pm’son wouhl not 
be able to let go and the eontinued fitnv of the eurrent 
through his body woul<l result in tleatlu just m siitl’miently 
continued immersion drowns beyond thi^ possilulity of re- 
Buacitation, In this respect there is the greatest pijsstldii 
dilteronco hetw(u.ui grasping n wire, as desi’ribed, and a 
mere shock, such as would be received Iiy touching tha 
conductor wiili tha back of the hand whitdi in tlmt posi- 
tion could not be fore,ed to grasp it; the resulting con- 
traction would draw the hand away with probably no 
more injury than a severe burn. 

Many aloctricians make it a rule wlnm w«irkiiig u{Hm 
or about a Idgh tension dynamo to use one hmid only, 
keeping the other behind the back, snum the most ileiitlly 
position in whicli to receive the current is from one haiitl 
through body and vitid organs and out througli the other 
hand to tha return circuit. 

Dry shoes and socks aflord in themselves n great meas- 
ure of protaotion, since being of insuliilirig iriiileriiil they 
would oppose the meape of current ihrfiiigli the feet to 
the ground, that is, to earth; while socks, ii imil in 

(ho heel of the shoe and damp iiiirtli undi^rfooti would 
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afford a ready path to a high tension current and produce 
fatal results. 

The man standing upon a dry non-motallic floor having 
on dry shoes and rubbers could not bo killed Ity the mo.st 
vicious current should ho simply touch one of the wirt^s 
conveying it, because his connection with any return con- 
ductor would bo lacking, and it would be like p(»uring 
into a bottle as diatinguishod from pouring into a pipe 
with both ends open. 

In a series of experiments made to dotorrnino the re- 
sistances of a human body, Mr. Kdison fhicls that the 
grease and foreign matter with which the hands of the 
workmen examined hy him wtsre more or less eoatetl, in- 
creased to a very great e.Kteut the resistance to the passage 
of an oloetric current into their hoiiies throujdt tlicir 
hands, affording fair protootion against eurreuts of moder- 
ate force in case of temporary and insuflieiont oontw^t, aa 
hy a more touch. 

It is often assumed because a lun-se is killed by an 
electric current that the driver had a wonderful escape. 
IIorsoB are very muc.h more easily killed in this way tluin 
human beings; they have four i-ontaiUs on the ground in- 
atoud <if two, and tlnwe, in a horse shod with iron, ns is 
usually the case, make an excellent connection with ilio 
earth, and so enable more of a given currant pass 
through his body than would go thnmgh that of a huuum 
being. Then, too, an animal seems to he totally devoid 
of mental resistance, auccumhing at once and hopelessly 
to a shock of any kind, and it seems to he HU.»g«>ther iin- 
possible to revive an unconscious horse with any tiioan# 
Hkely to be available iu time. ^I’fie piussagw of a powerful 
electric current' through the human laaly for a short lime, 
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even tliough accornpaniod with all the iippciaraiic.o of death, 
docB not hy anj inoanB necoHHarilj result fiitidly. Tlio 
writer knows an oloctrician, Mr. Frank Mayo, whc^ Imn 
received through his liody the full current of a dymiiuo- 
electric generator feeding a cinniit of are. laHi|m at ii pres- 
sure of 8,500 volts, lie doBcribcB tlic result as tin! stuisaticm 
of being struck a terrific blow with a sitifTeil ciul», tlicn 
oblivion. This man would unquestionaldy liave died liad 
his comrades stood by and done nothing, alltnving liim to 
cool off and his blood to coagulate in his vt»ins. But tiny 
wont promptly to work and he soon revived and nHa»vert*d 
entirely. The treatment in tlte case of an cleelric kitork* 
out is procisely the same as in cas<*H of appar**ni tlrowning. 
The body is kai)t warm, vigorously rublHsl, iiinl artilieial 
respiration produced, if tiecessary, in the wclldinmvn muiuier 
by mecbanical movements of the ho<iy. In alnnist all luises 
of tins kiml the stunning cflect of the shoidi pusses away 
in a few minutes and tin! pathuB survives, Of tnnu’se !?« 
will need some cpiiet ami rest, htit lie stHOi r*yiiins his nnr- 
mal condition withoiit ary pcnniuient ill elTert Iii tliti iie 
stance refarrccl to, the current was of the ctintinuftiis type, 
which gives one tremendous hluw, ae.iual tleiilh rrMtiliiitg 
either wlien the current continues to flow tJiroiiirii tlin 
body for a sunicient time to extuinst tlm eapiieity 4if ilic 
nervous Hystem to react, or to pnalucti chtuiueul tdiiiiiges 
in th© fluids therein which are iH^cessiirily fittn!; or mditni| 
from lack of assistance, the tmnperature <if thii liudy fulls 
too low before reaction tn^kes ptiu^e. 

With alternating current, however, llin riisr? i« 
becaviBO that ourrent is eonijmsed, as %i'e Imvo mnm, of ii 
rapid Buccession of small currents, in ri'giilnr fniiruiii'^reiiil 
practice several thousand per miiiuta, vnryitig iicnM,inlisig 



DANGER TO LIFE 


807 


to tlio use forw'hicli tlie apparatus is (losignecl. Wlian theao 
are of high tension a rapid succoBsion of blows arc demit there- 
by which very cpxickly exhausts the reenperativo power of 
the system and, aside from any other ac^tion, produces death. 

Mr. Tesla says that when the frecpieney, that is, the 
number of alternations ])or minuter, is run u[> to or 

BO, as has been done, tlio current l>(H*omes more likc^ a 
tremor in the circuit and loses the deadly eirtn*! of tower 
frecpioncy, as, say from 7, OCX) to 10,000 per minute; and 
that such, current can bo ])asscd througli the human liotlj 
for several s(‘.(ionds at a time without danger to life iitul 
with the clTect of a strong tonic. It is said that he takes 
this currency fnupiently as a bracuu’. Ihnug on such fa- 
miliar terms with alttumating (diM'tric currenlH, Mr. 
is prol)ably immumu As for th<5 n‘St of us, w<dk we will 
take his word and believe him witlioui trying it. 

After most careful eonHideratiou, alternaiiiig cnirreiita 
from an ordinary commercial gen(^ratt)r haw been iM!o|ded 
by tlu) State of New York as the meaus <d legal t'Xtamtmii 
of criminals. Oflieial ehu’tro<*nti<m is earriei! cnii by phinug 
the comhuuned in a chair insulated from tlu* gruuie!, etm. 
ne<^4.ing tlu^ hands and tlie hrad U\ tin* main e.»iidtu'!nm 
of the <drmui, ami then turning <m uu altiumutiug eurmit 
of sulHciently great force Uf instuuily pruduei^ unvtmnvunm^ 
ness, the flow of currant being eontinuia! unlii life m 
stroyed. The cloHC3Ht observatiun has csiiildiHhf^d tti«^ fnet 
that unconsc.icmHm^HH comes instantly; si* that it is lndmvpil 
tliat this moth.^ of extamtion is the iiiusi luerinfiil yet tie* 
vised, dhie apparatus htung altogether tmt nf siglii, llm 
unfortunaii^ is spared the public cxliibiiittii nf t!i« ghuiilf 
preparations; and it is miiierstoud lliiit ilie wliolts alliiir m 
over in a few minutes. 
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KLHCrRIC RAli.WAYS 

The electric rnilway in itn rnoHi rr<»fnii devt^lupriient in- 
chides three systems, kniHvn (Htpularly m llte 
the “Buh^Trolley,” and the *'Tliird Hail/' in all <,if w!ii«!h 
the current which drives the nieiur uiH,>n lhf» cur is iif 
continuous typi^. (iihhI, r<*liuhlt% tUliciiuif. <*uinpucf, mu} 
exceedingly convtmicnt nuUors arc nnw niudr, uud. in 
oral use, drivini direct!}* hy nltcuuniting curr«-iit?^; hut ihi’^y 
art‘, with one or two «*xc»c{iticuts, slutiHnury nnUors liuving 
certain specified w<trk to tlo. Thf*y nw iunph*yuil in 
and fa<itoricH^ and hy the ihoUHaiitl fMi* driving tdin'iriu 
fans; hut, for tccdinica! rcaHoiiH, they are umI suilml 

to the (Operation of elcc.tncaUy tlrlviui ruivn oarriu|/«*s or 
wagons, <lue tla^ great vuriutiou in eprrd, jinwr>r iinil 
contnil tlu‘r(^ requireth as f'tuttpurrd with the luuiljiiuons* 
(uirrent luotiir, so that iht^ i’untinu«uiH'enrrrui ni«»n»r of ihti 
series type is used exclusively for lin-Hr p.iirp,r^r:M. .So 
great, however, is the reonomy of the ulierjia!i}i:-' euiivni 
generator that on iniuiy Inrg*^ eleefne iho ourroiii 

for operating i\m confinuotis-eurrml lUMiMft tUrrmHi m 
originally generiiteii hy lui ah*u-inainf^ onrivui, dviiuino, 
This ginierntor is Hiunetirnes loeaO'd ai u gnuii di^Uiineii 
from tiu! railway iti whieh the eiirr«*nt is eoiiv«-vfd over 
coTulmitors of eomparatividy situill si/.ff nnd m n rs.ioliii.in 
of high tension, great force, and corri’iqMUidiiielv luiiull 
ciuantity or vciliime. This eurnuit is iransi'Mrmrd fomi m 
origiiifd ccmditiorii at points suirteieniJ y ijrur i*i w here ii 
IB to Ih? iiHiful, to II eiirrtuit of efinliiiiiiitiii diri-rliiiii uiid 
of lower po.teiitiaI and greater <{iianiity. *rhm m liiuuuri. 
plisiicd l>y means of wltiit Hrc eiilleil fcj|iirv‘ iriiiinfiirijierji. 


ELECTRIC RAILWAYS 


309 


one form of whicli, previously known as a motor generator, 
consists of an alternating- current motor and a dynamo- 
electric generator meclianically connected so that the alter- 
nating current from the high tension supply circuit drives 
the motor and with it the generator. This generates and 
sends to the railway line continuous current of the desired 
potential just as though it were driven by a separate steam 
engine on the spot, but far more economically. The latest 
form of this apparatus will be further referred to in de- 
tail. In this way the power of a waterfall miles distant 
can be utilized for a long line, of railway, the alternating- 
current generator being located at the source of power — 
the waterfall — and operated by suitable water-wheels, and 
sending its current to the rotary transformers located at 
dilforent points upon the line so that the current supplied 
directly thereto shall maintain a practically uniform ten- 
sion throughout. The sections so supplied overlap suifi- 
ciently to give all tlie current that could be required at 
any point along the line to meet any unusual demand, as 
m case a large percentage of the whole number of trains 
were running at once and close together. 


THE TROLLEY 

The “ trolley^ ^ is the popular name for the system of 
propelling Btroot cars by electric motors which was the real 
pioneer that brought the subject before the public. This 
sysUnn demonstrated the capabilities of electric motors for 
transit and similar purposes, inaugurating a complete revo- 
lution in the means and methods of transportation, the ulti- 
mate extent of which can only be surmised. 

As referred to in previous pages, some experimental 
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work had been done in thin dim‘ti<in, Init Hindi dilTieultj 
luicl been encountered in eonveying the eiirrt!iit ki the 
motora upon the cam that ihcHc prevuniHlj tried phing 
have entirely dimippeiired. The Hynteiu ne>w in itne ig the 
invention of ChiiB, J. Van Depoide, a tmturali/ed Aiuturiean 
eitizeik who at the time wan the Ihum! of an elet*tric iiiiiiiin 
facturing c.mtiibliHhment in ('hieago, Illiiioin, and it uiih Hub, 
gecpiently adopted by Mr. Frank J. Hprnpue t»f Krw Y«u'k 
in bis many important iiiHtallationH. Mr. Van IU'po<de ex« 
hibited a thrciV'car train <tperating uptui iluH gyaltnin at an 
expoHition held at the <nty of New (hdmuni in the hit, ter 
part of the year iHHfn and the llrat eonunerc’ial iiuUallaiiim 
wan in the city of Montgomery, Alabama^ during the early 
part of the year iBH7, sixteen motor enra rniintng over 
fourteen miloH of track lining then and ilnu’i.* in i.»perin 
tion. With the trolley Hyatem, a alrtaU ear proviiled. with 
electrie motorn, eonnoet4nl to itn wheetH, in operaieil by thn 
current taken from a bare copper ‘'Irotiev wore/* whie/h 
i«, liowcver, well inHulated from liH aii[»p«utiiig pidt‘#4 luul 
anriB, or polcH and eroan wirea from whiidi it in Hii]4pimdcHi 
above the track all along the line. Thm wdr«^ m eoiineetiHl 
to one pole of the generator and ke|it nupplird with eur-- 
rent of the continuouH kind, (jurreiit from tln^' lr«»lley 
wire in condue.tcu! to the motom uptm tho mirn iliroiiglt 
a grooved branK wheel, tlm ancient mmm of which in ii 
‘Hrolleyd’ TIuh practically new and eii«j word ciiuglii 
the ear of the pulilto and waa at oncii iipplitMl ki the 
iystarn. 

The trolley wheel rung along the itiitler iiilti of tlm wirti 
suBpended overheml, and in aupporUal iil llits uppnr end of 
a pole pivokal on th« 'lop of the car with w|iririgH iit iti 
lower end| which hold it up and pmm lit© Irolkiy wkml 
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against its wire, tlms making continnoTis contact with, the 
current-supplying wire as the car moves along. In the 
simplest form of this arrangement one suspended wire only 
is used for each track, which is connected to and conveys 
the current from the generator. The rails of the track are 
electrically joined at their ends by copper bonds or bands 
securely riveted thereto. These bonds unite all the rails 
to form a continuous conductor, which is connected to the 
other or return side or pole of the generator. The cur- 
rent taken from the suspended wire passes, by way of 
the trolley wheel, down through the pole, or a wire at- 
tached thereto, through the regulating devices which are 
controlled by the motorman, through the motors operating 
them, and then by a connection, from the motors to the 
axles and wheels of the car, from which it passes to the 
rails of the track and so back to the generator, complet- 
ing the circuit. The car with its trolley wheels and mo- 
tors is thus placed between two conductors, just as is an 
incandescent lamp between its conductors, and by manipu- 
lation of the current- controlling mechanism the motorman 
allows more or less current to flow from the upper con- 
ductor down through the trolley wheel, the wire carried 
by the trolley pole, the regulating mechanism and the mo- 
tors for driving the car, from which it passes by way of 
the wheels to the rails and back to the generator. This 
is the simplest form of electric railway in use, having 
proved mechanically superior to its predecessors, and also 
entirely successful in operation, while at the same time 
the most economical of all systems in cost of installation. 
It therefore soon appealed to capital as being speedier as 
well as cheaper in operation than any other known motive 
power, and very soon convinced the public of its capacity 
SOIEKOB — ^VOL. XIII — 14 
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and overwhelming euccess and so wont into what is now 
practically universal use in this country, tho United States. 

The trolley has some objections, and much has been 
said about the effect of the return current escaping from 
the rails, passing to the earth and causing damage to sttb- 
terranean pipes. In one city, Oinciniuiti, Ohio, a coinpleto 
double sot of conductors was placed overhead, and the 
trolley pole provided with two Ht'[>arato conttmt wheels or 
two separate trolley poles arranged side by side, so that 
the current in that system never gets to the ground at 
all. But thousands of miles of trolley roads have been 
built and ninny thousands more will be built in plaees 
and on roads whore there are no pipes to be injured, and 
where no other system of transportation of tupuil eupiuuty 
as compared with the original cost and sulmwjuent ex- 
pense of maintenance and operation, could be provided 
in any other known manner- la many cases where more 
expensive systems would perhaps never be installed at all, 
the introduction of tho trolley and the utili/.;itit>n of wasted 
waterfalls or cheap fuel will, by introducing a supply «tf 
electric current into a community for lighting and power 
uses, lead to other and further developments, build in- 
dustries now impossible, and so lead to maUirial ecimmuy, 
advancement, and advantage, such as is iu»w unknown luxi ejit 
in a few favored kwalitios. 

SUB-TR01.LBY 

This sysUim, which is a refinement of the original trol- 
ley system, consists ia placing two conductors in a trough 
or conduit below the surface of tho rtmdway and ft»rniing 
a continuous slot, or opening, level with tho madway above 
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tluim. I’hoso conductors constitute the outgoing and return 
j)atliH for tlio current, arc mounted in the troughs on thor- 
oughly iiiHulatod supports about six inches apart on its 
opposite so tl>at a flat plate extending downward 

from Iho <fur and provided with a contact shoe on each 
side (-.ail (uigago their opposite faces. The regulating de- 
vices ami tlui motors njion the car are exactly the same 
as in tlu^ overlasad trolley system, tho only difference be- 
twiuui tho systems being that, with the sub-trolley the cur- 
rent is tak<‘n from atid returned to tho conductors in the 
comluit below the surfae.e inshuul of from a conductor sus- 
pended abov(( th(^ ear. In this manner all objection is ob- 
viat(ul, tho e.onduetors arc out of sight, and, there being 
two e.omph'te circuits, each well insulated, there is no 
chamst f<tr the current to escape to the earth and injure 
Huliterrnnean pipes. This is the system exclusively in use 
in tho cities of New York and Washington, D. 0., and 
will uiKhiubtedly supersede tho overhead conductor system 
in other places whencve.r the enonnoxis expense entailed 
in tin' sub-trolley construction is warranted or demanded 
by local {'onditions. As to its successful operation, there 
is no room for doultt. 

THIRD RAIL SYSTEM 

Tiik third rail systtun, as generally understood, is in- 
tended bir use where the line of tho railway is not trav- 
elled o\mr or nsecl as are streets and liighways. Such, for 
example, as the elevated railways of Now York and Chi- 
cago, and the eorresponiiingly isolated underground or tun- 
nel railways of Iiomhtn. 

In these systems one or both of tlie track rails is ntil- 
is 5 ed a nsttirn eondnetor, and the third rail, mounted 
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upon influlated supports, is located alongside of tlio track 
so as to bo within convenient roacdi of a contact shoe, 
which is simply a piece of cast-iron attacdicd to a spring 
secured to one of the trucks of the motor car and run- 
ning on the top of this extra rail, d'lic third rail is 
usually similar to the others, is placed at ulanit th»! samo 
height, and the end of each piesce is connected to tin; suc- 
ceeding ono by copper bonds or bands riveted bmt in ludes 
bored therein for the purpostv Iron is not as good a con- 
ductor as copjjcr, having only one-seventh of its conduct- 
ing capacity, but an ordinary rail is of sucli si/.e ns to 
form an ample conductor, its material is so stianig that the 
cast-iron shoe may rub along its ujtper side for years with- 
out damage, and again, the rail is proviiled with a broad 
flat base by which it may easily he seeiireil in position, so 
that it constitutes the simplest ami also the best means 
of constructing a conductor that lias been found. 

Those third rails follow the truek and are laid at a 
fixed distance, about a foot from tlie rails, alt along the 
line. Where it is impossible t«> put tiie tliird rail on one 
Bid© on account of a switch, a frog, or a branch track, a 
piece of third rail is placed ujkui the opposite side and 
electrically connected to the discontinued porlions. 'rhu 
tracks arc provided with contact shoes on each side, so 
that the tram need never Isi, even fur a inoiiji'iit, beyoml 
th© iiiotonuan’s control for lack of current. The method 
of supplying current to the third rail does not ditfer in 
any important maimer from that by whieh the trolley ami 
Bub-trolloy are supplied, nor is there any subsiantial dif- 
ference in the construction of the motors or their ojs'ra- 
tion from the other two systems. In referring to tlie third 
ml system, the publio should uaderstaiid that larger and 
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heavier cars are xmod than on street railways, and that trains 
of earn an^ to be operated, the railways being to all intents 
and purpos(*s the same as previously operated by steam 
enginc^H, which they frequently displace. 

Many dilTcnuit inethods of controlling electrically pro- 
judhnl trains of (ains luive l)cen proposed, and several have 
lH‘cni tritul, th(‘ most obvious being to equip the front cars 
with motors powerful enough to pull the whole train in 
plae('. of tlu^ sU*am engine. This is the esBcnce of simplic- 
ity, and two e.liH‘tric, lo(‘omotiveH have been in regular use 
for sevc'ral ytuirs luiubrng tluj lieaviest trains, both freight 
ami passeniyr, through the Ihiltimorc & Ohio tunnel in 
Baltimore, llowcnu’r, in some sjuunal installations, as the 
eltvvuttsl railways, ilu‘. strength of the structtire is the im- 
|H>rtant feature whitdi must be eouHidered first, last, and 
all thi^ time, am! the <(ueHtion is how to operate the 
l*m|p*st trains at the gnaiU‘Bt speed without overloading 
tlm strnetun^ or remh^ring the cars diilicult of control. 
The greatest attention is, tluu'ofore, being given to the 
cpH‘Stii»n «d how to start the train easily and attain the 
higliest pi^rmissible spetal in the shortest possible time, 
am! this is secured 1y phudng motors upon several of 
tlie cars a train ami tlicreby avoiding the accumulation 
of excessive weight in any one place. Obviously, it would 
Im dillbmlt to Htnnire unanimous action on the part of a 
number <»f iiiotoniicii separated from one atiothcr, so the 
most iiiofliTu solutiiui of this diiruntliy is to connect the 
coiidiit'iors of alt itu' motors bo as to bring them under 
iimiiltancoiw control frcun a single point. This has been 
iiccoiiiptislicd liy iht*. admirable system of Mr, Frank J. 
SpniguCi now in oj»eriitifui on the Chicago elevated rail- 
wnyii. Acia:irding to tliis system the length of the train 



816 


ELEOTRIOITY IN MODERN LIFE 


makes no differonco, because the longer the tram the more 
motors there are. It can bo operated at any point, and 
after the starting signal has been given and the eurnnit 
turned on, all of the motors, moving in unison, bring the 
train to its maximum speed in as short a time us eouhl one 
large and powerful locomotive, the nusre weight of which, 
aside from its draw-bar pull, would be sulhcient to wreck 
the structure and bring it to tlie groumi. 

In tunnels, whore the hot gases ami eimlers rushing 
back in a cotdiued space make it necessary to <‘los« cur 
windows and ventilators even in the most stilling wentluT, 
the electric motor is especially to be preft-rnnl. Here there 
is no limit of weight to bo considt*nHl; and an clt clrie htco- 
motive attached to one end of the train, and sulllciently 
powerful for all purposes, can readily be use<l. 'Phis is 
preferred whore no mechunieal objeelion exists, Ihhuuiho 
the moehanism to be ojieruted, controlled, inspeetetl and 
kept in order, is concentrated in a few hK'.oiuoiives instead 
of being subdivided and attached to a relatively large 
number of oars. 

In this third rail system the track rails ms-d not be par- 
ticularly insulated, merely connected at their ends, ns they 
are used only to carry the current away from the motors 
back to the generator after it has done all the work of 
which it is capable. A return comiuetorof some kind must 
be furnished so as to form a qompleto cireuil, and tliis is 
essential under all conditions. It Is Huniemni if one of 
the two necessary conductors is insniatetl so eflUnently 
that the outrent cannot escape therofrtun e.teept m it is 
permitted to do so through the motors U) be operated. 
All care in insulation is bestowed upon tho thinl rail, 
which is mounted upon very strong poreelatn supjHirts, 
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themaolvos Bustsunod upon rigid stems or pins attached to 
the udjaoont framework. The third rail can of course be 
and often is placed in the middle of the track between 
the ordinary rails, but with such arrangement it must be 
carried under HwitehoH or crossing tracks in order that it 
be continuons. In such caaoB, parts of the conductor would 
bo out of reach of the forward contact shoe in crossing 
BwitchoH, and unilor these conditions the car is either car- 
ried over the breaks by previously acquired momentum, 
or, by providing a shoo at each end of the car, one or other 
of th«n» would bo always resting upon the conductor, the 
breaks being always less in extent than the length of the 
motor ear. 'Plus system is exceedingly simple, strong, 
durable, and {H'<»uoniical in construction and maintenance. 
The current-carrying conductor is strong and little liable 
to damage or uecitlent, and all tliree of the rails being in 
the best position for examination, any fault or flaw can be 
readily iliseovered and corrected. In fact, the only disad- 
vantage of iliis sysltim is that it cannot safely bo employed 
in connection with general trafile where people and animals 
pass along and over it, because of the danger to life from 
aeoidentui slioek, and the danger to the Rystom of itB being 
malieitiusly renderisl temporarily inoporativo by connecting 
tlie thin! rail with the return conductors, as, for instanoe, 
by laying a bar «if iit>n aeroBS thorn. This, by giving a 
short jUreet path to the current from the third rail back 
to the generator without encountering tno resistance of the 
m«»tor, would divert an itmnenae flow of current suddenly 
away from the rwt of the line, creating what is known as 
a short osronit. Such an ooenrronce not only deprives the 
moton upon the cars of the current necessary to operate 
them, but in many instanoos results in serious damage to 



818 


ELECTEiaiTY m MODERN LIFE 


tlie generator bj returning to it Hudcltmlj an imnienBe vol- 
lime of current, wlfndi, unlcHH very <iniekly diHi^overiHi and 
cutoff, would overheat itH wiren to Bu«di an 4*xtent m to 
burn their inHulating coveringH and renchu- t!ie machine 
uselcHB. 

The permanent ganeratitig or p<nver ntation for the Met- 
ropolitan Street linilway Bvatem of New York C’ity will, 
when completed, compriHO ehnu*n monatew dymuno elec»tria 
ganeratorB, each capable of prodtieitig electric curnmt of 
the atpuvalent of 7, OIK) horHcpowcr. dlicKc niachineH are 
of the engine type, that m to Buy, tln' two endn of the 
shaftH carryirtg the r<dating element of the tlynaino»clt»c« 
trie generator are cotme<de(l to- the piston •rod.i of the cm 
gina by which tliej are direetly <lriven withoni the inter- 
poBition of baits or gear of any sori, Hjcfie g«uieriit,cirH 
run, at the lowest speed f<»r wbieh dytmnif» «di-ciric giuier- 
atorn have lH*t‘n ih^nigm^d, vix., seventydive revolutions jier 
minute, and thin in |>oHHible on iicf»<iunt of tlu^ eriornmna 
sixe of the giuierator, whieh, at thin niie <»f revtdiition, 
givea a suffioieni peripheral spiked to the ninviiig 
The Btcmm engines to drive these dytmtims iirv of tin. vi^rv 
latest type; inverted, vertieid, compound two evhnder. 
Some idea of the gigantic mm of ihie iippnriiiiiM mtii tic 
gained from the fa«d, that they are prarticiilly thriu^ pfurirfi 
high. The pewer houne for them^ big luigiiii-M m loiuiled 
near the East .Hiver uml NiniUy-«rcoml %fiirrc an 

abundanoo of wiitar ciiri bn cditnintul for imo iti ihr^ ciiii* 
densers, and where coni ia brotiglii in }iiirgr,H direri to ihii 
bunkerB at the rriinirtiuiri iixpensi'. Ilm riirmil grnrnitcd 
in tbese large inachitit'S iiml sent otit froni piiitioit 

will be of high teiiilfiii ami of the alteriiiilirif Iffn^ fl 
will pass over reliitivcilf imall cwiilyclnrs to •tib-ntiilitniii 
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lo(!atc(l in difforcnt j)arts ot tho city along tlie lines of 
tracks. At cacli stili-station "will l)e one or more rotary 
convertors, wliicli will receive tlie liigli-tension alternating 
current and straighten it; that is, will change it into con- 
tinuous current, uiul at the same time reduce its potential 
or foiani to the point required for use hy the motors on 
the ears by whie.h said cars arc propelled. 

In the installation o[ a gigantic plant like this one, 
where a bnv enormous generators, or large units, as they 
are eulled, are employed to jiroduce tho vast volumes of 
current necessary for the simultaneous moving of hun- 
drmls «tf hi'Hvy ears, there must necessarily he a large 
amount of detail, and much ingenious work, to prevent 
htss by leakage and accident. Also, in order to know that 
the current being generattHl is of tho proper character and 
potential, indicators have to bo provided, and tho whole 
network of eomiuetors is divided into sections supplie.d 
by feeders, so that the prttssuro ot tho current may he 
equnlizeii as nearly as possible throughout the entire sys- 
tem, iitelmling even the most distant portions thereof. 
'I’he eleetneal art has, howe.ve.r, at the ])rcHent time fully 
reaeluMl tlie point where all these details are provided for 
in tin' fullest and most thorough manner possible. Yet 
a th'luiled aeeount of the speiual features of construction 
Would reiptire a hook in thomsolves. They are therefore 
omitteil e.xi-ept for the Btiitemcnt that tho most elaborate 
pri'e!Uitioti,s itns talatn t<» protect the apparatus against tho 
eirei'lH of short eirenits between the emuluetors or of acci- 
dental ground eoiiiMHaiuns and of lightning discharges. 
Must carefully ih'signed cut-out switches arc also provided, 
by which the eirenits in the power house may bo opened 
and the cmubinalions changed when it is necessary to di- 
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vort the flow of curront froni ono to iiiiotljor or to 

cut out a (latnaged Bcction; or to iHolat4^ a HCT.tii>u when 
from any caune it m doHirod to ntop the flow of eiirrimt, 
aB when a big firo or Homo Horioua trotiUlo in taking 
place. 

Til caBO of a Binall generator^ miy of lot^ hurBt^power, it 
in ((iiito poBHible to opem the main oireuit throuidi a well 
couBtructod e.ircuit brtniker, of whieii there are now nmnj 
Btandard typen^ without luue.h of an elertrii*al «!iHplay be« 
yond a h^w Hpurkn. In the cubo <d a eireuit lireak«T itarry- 
ing the orionuouH current produced by bucIi gt^iiiuierB an 
herein referred to, tlm diniculty in imu’ciiBed to Hiieh an 
extent tluit no (wdinary apparatUH i*ouh! Im UHinh for 
on attempting, to open a circuit through the !ic><t circuit 
breaker in ordinary uhc, Hiudi an enurniMUH liunu* (are) 
would ho devtdopetl that the awitclt ap|»iirniirH would h«^ 
iuHtaiitly molted, ami if there w«u‘e any woodwork in i!ie 
vicinity it would be Ht't on fire. Funlirrniorr, the man 
who Htarted that kimi of trouble would bi^ f**riuiiiitc in- 
deed were be to oHcmpe with Ida life, for nn electric. Imrn 
is just as bad as any other Iturn, am! worrit in that it 
would, be received swiftly and suddenly, mid \h miifdi 
morti likely to prove fatal than any ehnune Bhutdv. Hut 
burn would be the same m from iiny oilitn’ 
flarnci, but, cfuning so cptickly as it woukl tiiuhu' tlio cir» 
oiimstancies suggested, there would Tie no wiMijic for any 
one within reacdu An luundeiii «d this s«rt| i»ti ii 

much smaller semki, iM^curred in Lcuukui n few ycurii iigo, 
when an inoxpiirienmid employee uiuierliMdc to fi|.icii a liigli 
tension ciremit carrying a heavy nurreiii llie nmtluml 
flame (arc) was so terrifying that Im rail for Iiifi lifti, leav- 
ing the appariitns to tiika care ol iteeii 
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The l)ig cir<*.tut l)reakerH provided for the Metropolitan 
Bysteiu are not only Bpecially contrived, hut they are in- 
closed in tanks of oil, wliich, being a very good insulating 
nuiUn'ial, inUu'poHCH itBcU innncdiatcly that the parts are 
Bt‘parate.d and prevcntB the CBtablishmont of an arc and so 
renders it possiblo to open the circuit without danger. 

In tint cam <d a hjhUuu of electric railways so exten- 
sive ainl HO comphnK m that of the Metropolitan system 
in New York Chty, it Inte.omes necessary to Bupply the cur- 
rent to tlie eKpt»Ht‘d eonduetors in the conduit at a great 
many points. cnxposed conduc.torB arc the metal bars 

from wliieli the travelling contacts carried by the cars 
gather e-urrmit to HUj>idy the motors as the cars pass along. 
Conmuilon is made with tlu*H(‘, e.onductors at many points 
in ord«*r inputhKc tlie pt>U‘niial i>r |)reHHurc, bo that all 
th*^ i’lirs may be run at the Htinie speed, and also that 
tliert* will be plenty of eonduetors to carry forward the ex- 
cess id (uirrcmt to any particular point to Hupply the exces- 
aivt' ileiiiaiid that would arise in case a number of cars 
sinmhl lieeoine huarjirtl^ that is, grouped cloHO together, in 
cue lomility. ^rhe.rt'. is another reiiBon also for supplying 
current to the metal bars in the comhiit at numerous points, 
and that is, that in ciihu i»f a piU'HiBtent short circuit at any 
pidiiit 1*11111^10^ gn^iii loss id current there, or in case of an 
iM’eiihuii a car wli«^rc!iy the track or conductors in the 
ciuulutt are ilanuigcd, <ir in iuiHc id a fire or obstruction, 
a short piiH*e id the HysUuui including the break, may 
be c 4 it out, nil other jioriitum of the Bystem continuing to be 
BUpjilied m tmuali mid iliu stoppage, if any, thereby local- 
}/,eih iitul the deliiy or inconvenience reduced to the mini- 
iiuiru. T\w tdet*trie motors, geneniiors, switches, etc., for 
this, llio largest Hyaiem now in actual operation, were do- 
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Signed, coBBtruotcd, and put in operation liy tlie Qtnieral 
Electric Company. 

The Manhattan Elevated Hailway liiicm of New York 
City are now being cHpiipped for eU'*c’trioa! <iperiitioii, on 
the third mil system, the apparatus Inniig suppiimi Ity the 
WcBtinghouse Electric Company. Tlte entiipmmit of ii sys- 
tem of this magnitude—there being tlirini Hcparato lint's ox- 
tending the entire length of Manhattan IsIaiHl niiiiinillj 

takes conBiderable time and mutdi wt»rk has i«» bo thmo bo- 
fore anything app(‘ars that the puldio ean appr«*oiato. For 
instance, sttaun engint'S liave to Im eonsiruoit'fl evoii Iurf.»er 
than any which have preceded them. Otmtu^ainrs have to 
he made which will Hccurti the vm'y best results as to steinb 
inesB of operation, reliability and mmunny under llu^ eon- 
ditions to be mat; tben, a p<w<^r limise has to lie Ituili to 
receive these hngo nmcltines, with extra strong soparntn 
foundations for each engine set, ami a eompioto provision 
for the receiving, handling, and diHiributioii of imormous 
quantities of fuel and the rmnova! of waste profliiets, 
When it is remembered tliat this {tower hoiise must sup- 
ply current which will develop {mwer in inolors miles 
away, to the ecjuivmlcnt of several liuntlrml sleiim loeonne 
tives, the magnitude of the uriderlukiiig will Im iippreei. 
ated. The steam engines tised in Ihti Mitnlinltiin fanter 
houic, of whieli tht^re will \m Severn!, will eneli, il Is wihl, 
develop 15,000 horseiiower, witli full stoiiiii iidniiwitim 
They will be of the compound type, wtlli llm gimeriit4ir 
between them, the piston-rods conneciing with ermishs iipciii 
the opposite ends of the generator sliiifts. Thmm gi-iierii* 
tors will also be so dciigned that th«i full imiiiiiitiiii nir* 
rent will l>o proclttcid with a wlitlioit of llu* gmioralor- 
ehafto of only seven ty-ivo turns per itiiimte* 
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The power Iiouho how building is located upon the 
ITarlciu River and will ho provided with several known 
and Home unknown ap[)Iian<!08 for the protection of life, 
and for tiie safety of the ap])aratnH, and with machines of 
Hueh mu|,-;nitud«i this is no small matter, yet it is abso- 
lutely tmeoHsary to ]>rovide <dVi(!i(mt safeguards in every 
<iireetioii, and to meet tn'(>ry imuginahlo emergency. The 
systems of eahles by whiidi tlio currents will bo carried 
from tlte power house to tiie difTcrent linos of railway and 
to different portions of the lines, will conform to the very 
iaU'st modern praetiee in the matter of high insulation and 
careful design us to size and weight of conductors. The 
<mrrent as <iriginally generated will bo at a moderately 
high tension, whieh will bo reduced by convertors at spe- 
cial statiiiiiH in the different j)arts of the city, and it is un- 
tlerstood lliat in addition to propelling the trains for the 
transportation of passengers, the company will us© its own 
current for lighting all stations and signals, and for oper- 
ating clevut«»rs at those of the stations to which it maybe 
<lecided to lift the passengers from street to platform. It 
is also nmlerst«K>d that there will bo a motor car at each 
end of cneh train during the rush hours, when the line is 
Worked to its full capneily, so that the trains may be re- 
verseil uml sent back over the riMid with the least possi- 
ble d«dny and without rc-inaking the trains, whioh, with 
an elevuU'd eonstruetion, is a eonsidoration of the utmost 
iinporUuie*'. It is alsi) fair tt> suppose that the company 
will proiluee just a little more currant than is actually 
nta'iled, in easi' sitme one conveniently loe.atod to the route 
sliouhl insist on Iming snpplieil therewith — for a con- 
aitlcration. 

The rei|«ircin«nt« of high insulation, according to mod- 
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era practice, are now so well known that whatever differ- 
ence there may be between the particular features of the 
construction of the switches, cut-outs, rotory c.onvertors, 
etc., in the Manhattan Hail way ecjuipment will he only 
differences of detail over that just referral to in coninso- 
tion with the Metropolitan Kailway of New York City. 


S P I: li D 

Muon has been said eoneerning the speed at which 
electric railway trains, ears, or vohitdes can he propelled, 
and this subject is one of great interest, partly because 
with increased use of the telegraph and tint tolejdiofnt, nat- 
urally comes a demand for incrtuwed rapulity of persoiml 
communication. As the buHiness portions of our eitiits be- 
come more occupied by inctrenntilu estuidishnuuits, the pop- 
ulation is forced further and further to the suburbs, ami 
the question of rapid transportatieui from Inuite to busines.s 
is of the utmost importance to all city workers. 

Bapid transit is a relative term both as to distain*<» uinl 
in connection with the numbers to bo Iransporled. Time 
was when the horse car was rapid transit, yet to-duy, 
with the trolley car running at four times the sp«*ed, it is 
counted too slow, and that only because <if the greatf'r dis- 
tances at which people expeset to live from the sceiui of 
their daily occupation. There is now little dtmbt that the 
rate of speed at which surface oars oaa 1 h» safely o|mraied 
in oitiM has been attained, if iu»t exeetuled. W« hear 
every now and then that a now line is to be eoi»stru««t»!d 
between some two k^e cities, on whioh the rate of travel 
is to be one hundred mih* an hour by eletitrio motor, and 
the pubUo seems to have acquired the eonviotion that the 
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transportation exports aro looking for a machine that is 
capable of attaining this speed, entirely ignoring the ques- 
tion of track (ionstruction, grades to he overcome, curves 
to bo travorHe<l and the like. In other words, the pub- 
lic asHurncs that the prime motor is the only thing to be 
considerod. 

'I’he electrie motor, whether in the form of a locomotive 
at tlio h«!a<l of the train or a number of separate motors 
distribute<l under the difTcrent cars composing the train, 
liuH an advantage over the steam locomotive because the 
moving part, the armature, of the electric motor has a ro- 
tary motion which is communicated directly to the wheels 
to be driven. As long as current is furnished, the arma- 
tnn^ tcmls to drive the wheels continuously in the same 
dirc(\tion. There is no dilTcrenco in the direction of the 
force suppliitd, so long us the current is on. Now, with 
the locomotive, good iw it undoubtedly is, the movement 
is communicated to the driving wheels from pistons which 
move bac.k ami forth in their eylindors, one on each side 
of the etigiue, and in reality tins pnll of the locomotive is 
first on one siile and then on the other, and when the lo- 
comotive is pulling n train, the tip of the cowcatcher can 
be si'cn to have a short, (jnic.k, v.igvAg motion across the 
track. 'I'hiH is laillml nodntj, because it resembles the mo- 
tion *»f an luiimal, parti tnilarly a hog, hunting for some- 
thing on the grnumi by moans of its sense of smell. 
When rt is eonsidered that the pistons of the locomotive 
rtjtdprooato sometimes as rapidly as 4(K) times per minute, 
ami that with these recipnieations the piston must come to 
a tlca»I slop before starting in the opposite direction, the 
rack and strain upon all parts of the machine will be ap- 
parent. taM;otm>tives have run at the rate of more than 
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100 miles an hour for short distances, and with the knowl- 
edge now available they could bo built to exceed even that 
sj>oed, but the risks of running a train at the rate of KX) 
niilcB an hour, for an hour, would be altogether too great 
for regular travel tmdor existing eomlilions. 'I’liis Hj»eeil 
has been attained on special micasions, but only upon slmrt 
selcct<id portions of the best railways, as they art' at pres- 
e!it eonstruoted — that is, with tracks pra«-tieully on the sur- 
face, and the oars and engines having single-lianged wlteels, 
the principal dilbirene.o ovtir surface <uty tracks being tliat 
the regular steam roads have easier grades and curves. 

The electrio motor is utidoubUally better lUttul (or the 
attainment of high speed than iho steaiii loeoim»ttve, 1 h>- 
cause of the entire absence of reoipriKsating parts and the 
conwquent wear and Umr upon the maehine; but lliis ad- 
vantage of eonstrufttiou would not make it safe to opuratu 
a train electrically at the rate of IdO miles an hour, except 
upon an ideal track such as dims not now exist. The first 
requirement of this track w<nild bo ihiil it 1 h' slraigltl, and 
the next that it Ik) constructed in the most solid and sub- 
stantial manner jmssiblo. On such a road grades would 
lie of less im|Kirtanoo than curves, lanmnse with sufheient 
power grailes could l»e olimbed at full speml, but the i« n- 
<lcncy of a train to run oIlT tlie truck on a curve is always 
present. Moreover, at very liigh sjmeils, it wouhl !«< nf 
vital im|K)rtauee that the engineer slionld be able f.« -<fi< 
the signals far enough ahead to to abb to stop w hen m e- 
<is8ary without tearing the train U» piews in oveicindi.g sm 
momentum, tor the result of even a small accident at tm»'h 
high speed could not but Iw diiwstrtius. 

It has frequently lieon pro^iosed to eon«triiei a logh- 
spaed p«wngor railway of a new form, in which a siniilij 


NEW YORK AND CHICAGO ELECTRIC RAILWAY 327 

rail is carried upon continuous trestle -work at a sufficient 
height above the ground — some fourteen feet or more— 
and upon which specially constructed cars would run, the 
cars straddling the track. It is claimed that in this way 
derailment would be prevented and any desired speed 
could 1)0 attained without danger, since the track would 
bo entirely free from crossings or interference of any kind, 
and with cars of narrow construction, so as to afford the 
smallest wind resistance, that great speed could be attained 
and maintained with safety. 

Tbero is no doubt that higher speeds will be attained 
in the future, but I am of the opinion that it will be 
in connection with some special form of track, and be 
largely limited to the carrying of passengers, mail, and 
the high class of express matter. It remains to be seen 
whether such a railway will be sufficiently patronized, at 
higher prices than those now paid, to warrant its construc- 
tion; because it must be remembered that the existing ad- 
vantages of through cars to distant points, connections 
from one railway to another, the transfer of baggage, etc., 
in bulk, would all be lost until such systems were uni- 
versally adoj)tod. 


NEW YORK AND CHICAGO ELECTRIC RAILWAY 

Tiikiik is at the present time in existence a company 
organized for the purpose of constructing an air-line rail- 
way from New York to Chicago. This road is to have 
an elevated and specially designed track just high enough 
above the ground to permit surface traffic to pass under it. 
This would ordinarily keep the line free from snow block- 



“828 


ELECTEJaiTY IN MODERN LIFE 


ados, and of course it would bo raised liigliiu* wbert^ nocos- 
Bary, in order to pass over depressiiHiH, valkys, rivtu's, and 
tlic like, at a Bufliciently easy grade. T\ii\ cars are also to 
1)0 of Bpeoial design— as small and liglit m pussildt? con- 
Bistcnt with necessary Htrength. ^Pln^ trains iirv lo Ini slunt 
and run at fretpient intervals at a sUwly singed of liK) 
miles per hour. This wouhl retluce tliC time from New 
York to Chicago to nine hotirs instt^ad t>f ilic twenty finir 
now recpiired by the fasU*st train running lietwecn the 
two cities. This company has been in existtmee about 
throe years, during whi(di time the plans td inmstrmuion 
have been worked out to tlie minutcHt d«‘tail, ami it is 
said that the money necessary for the cimstruetion will 
be forthcomiiig in a short time. 

It is eatimatod that it will take only two vears to build 
the road, allowing another year for the pcrfcctitm of de- 
tails of operation. It is intended to cxtcml this ftirm of 
railway all over the country, but ilm ptildie will await 
with the greatest interest the eompleiion of the lirsi sec,- 
tion of track. It is inUmded to carry freight of all Ivimls 
as well as passengers, although very naiurally preference 
will be given to express matter ami pcrishalslc gmuh tip 
to the full limit of c-apaeity. One feature of smdi n rail* 
way as this is that the two through tracks int-eiided for 
the higliest sptjcd could not carry local Imsiiit^ss and iriiiiw 
running short distances under any circnitiistaiiecs. All the 
trains would be exprtss trains, making only four stops 
between New York and Chicago. 

Upon rafleetion it will Im ap|uireiit lliiit triiiiis ruiiiiiiig 
at such a terrific speed must be pniteolml in, tliw fitllcfil 
possible manner by block signals iiml every milvty ilevicm 
known to the railway art in order to {irevent rear-ciid ctib 
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lisions, mxl that no trains must be allowed upon tbe track 
undi^r any circumstancos which could by any possibility 
get in tho way of a flyer. With arrangements of this sort 
in a perfect state of oja^ration, light, swift trains could be 
run every thirty niiimtOH, but, of course, in order to main- 
tain Bueh a Hcdietlule, tluiy would all have to run at the 
game rate of spiaal. Coiisecpiently, freight, passenger and 
mail trains would have to bo made up so as to be substan- 
tially alike both in form and in weight, and this would 
very greatly simplify tho operation of the entire system. 

As steam railroacls are at present operated, trains are 
run at all sorts of different speeds, and an express train, 
on a long lint*, has to doilge in and out between slow local 
trains, as well as freiglit trains, so that all trains are 
under tlm constant survciliuuce of the train dospatchor, 
wlio must know where they all are and keep lumself in- 
formetl of their movements, Witli this high speed, how- 
ever, all trains would have to move at tho same rate and 
would be alike to him, ami it would ho merely a question 
of keeping tlnuu a pmper tUstanee apart to avoid danger 
of rear eml collisions. Tliis, under such circumstances, 
would be so simplifleii that an absolute block system, 
wliioh iieprived a fitilowiug train of current to propel it 
when enu ritig a fresh section until tho train in advance 
had left the s.-etion, would effi'cluaHy prevent this danger. 
Of course it folluws Ihul with sutdi a railway local trains 
would have l>e pr«>vide<l with separate local tracks upon 
which a much lower speeii would be maintained, but when 
one in travelling from ten to fifty miles oidy, a come 
down from one bundreil miles an hour to, wiy, fifty, would, 
even at that, transport the sljort*rido passengers at speeds 
far l»oy«md anything ordinarily attainable at the present time. 
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EVOLUTION OF THE MODERN DYNAMO^Iil iKITRIG 
GENERATOR 

In TOT- early days tlynamo-tdiH^trio gencratorHy «upplj. 
iiig current for the lurgimt Btutionnj in tin* f<»rm iif 

nmall macliines^ of whicdi a number, m miiny m 

a hundred, wen^ emjdoyt^d in a single lunver himHo. Thene 
macdutiCB v;vi\) drivtm iit very bigli ngeed in nrthu* i<> pro- 
duce the (lesirtHl ri'niiltH, ami thia i4p«»ed Vim attained, iih 
in any ordinary iruudumical arnmginmmt, l*y coiuu»cting 
the fly-wheel of one large (Uigiite to anitabic Hhaffing'tntrry- 
ing pullevH, and cotmeetiiig the antiaturti nliafta td the 
dynamo to the pultevH on the driviiig“i^haft. In that way 
the alow-numing, old-faHhhnie«l engine e*»nld be mmle to 
drive tlie generaiorH u,t t!u^ denired vtdoeity. ddon jdan, 
howiU'cr, wm Hubjtad ti» tlie very grt^ai diHii,ilviintagf% that 
the driving of the piilleya, beltn ami ahafting neer^Hary to 
Beeure thcBe rcBtritn abaorbed a very Inrg*^ peremlnge id 
the power of tlm emgiiie, atni bellB will nlijs pidltya get 
looBC, abaft bearing^ liecunne hot, luni all n»niiiri' e«tnBt.Hiit 
attention. ItwaB next Htmghi U> lux’ouipliBli the name re- 
Bvilts, but in a more ectmomical manner, by inumfriietifig 
engiiuw whie.h in thetit«elvf%s were ciipable nf riiiiniiig 
an exceedingly high Bpetnl, anti eonnectiiig llieiii ilirrrt, by 
beltB from their fly-wheelH, to the {mlleya on the iiriiifitnrti 
ahafte of the dynamo, thim oliminnting the Bliiiflifig iiiiil 
ecmntcir-shafting and in many inataiieoa idiilediei^, which 
were necesBary when it mm deiiired to diBeoiiiirel cine or 
more of the genaratoni during dilTeroiil piirt^ of thi! diiy. 
TIub plan alBo had itn dtmdviinl&ge», iiini it twgiiti t,o bo 
generally appreidatecl that the «{M«d with wliieh olootriti 
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gencraiorH run latint be lowered^ iti order that the 

HUH*haMi<’al Hiniin Hhcnild bo <liininiHhod and greater ecoii- 
oniy and c/oriuinty of o{)oratif)n rmnlL With the devel- 
opnient of the olt^eirio. railway caino larg<T dernandB for 
eloririo, pewi*r than had vxvv boftiri^. lunni known, and the 
pizo <»f the ginieraiora tlnni b<»gan to grow, ho that now, 
inHieiyl <d [>rt>vi<ling ten or twidvi^ geiKM'attn'K, that ttni years 
ago would hav<^ br«*n eoimidered larg<^ onen, to HUpply the 
current for a Hynitua, big mac‘hinc‘8 are couHtructed, oa<di 
oin^ of whicdi in eoiiiHH’tt*d direetly to the iiumt eeononucal 
type Hteain tuigino that baa yet Ihhuj pnuluecah Thin is 
tin' vertieal, inviuied, inultijdea’yUndcT e^nnptniml engine, 
the tly naiiHeeleeirii’ gent*raUu* being in the eeiitre 1h‘, tween 
tlie main nupporia of the tuigine. Abtnu*: and cm eacdi nido 
of the generator urti I’ylindera <»f the tmgiiu*, the. pinUm- 
roda of wliie'Ii an^ etiniteet4af direetly o!te to each end of 
the iinnatiire ahafi of tin? gmierator, Hf> tliat Hiiid annaturo, 
or it may be a ri'volvmg lieldoiuigm^i innlead, oj>eraieH as 
tlii^ llvwvhf^e! of tin' meant engine nml the moviitg part of 
the gemu'attu*. All fttrmn id beliiitg, Hluifting or gmiring 

are entirely tdiiiunated, and by eimtrali/aug many muidiineB 
into tine, that oin^ eaii be madt^ of HUrlt a ni/.i' tlnit a hIoW 
rcitiilitui of ii8 iun«rmonrt armature will give the Biiirio 
perijilirral Hpeed, and the aame geiienitiiig ellecb «« tki 
liigii %ud«ieiiy with whieh it witB neeeBmiry to rotmici the 
little firiiiifliirr.f in lln^ early daya to j'lrodiiee the mum 
nmultM. 

^riie eiirlv iiiiiehiiiea tiaed to lit' iijH^raird at BpeedB 
of {rum bHiMf ill IlgiiMi reviduiiouH of ill*-' firniiiUire per 
tfiiiiiiiij| %tli'ieli W'lm obiiiuiiible, but only eoimtiiiil rii^k 
iif lireiilcdoif II. Idse eiioriiiouH, direi't-driveii, eiigiiie4ype 
ilf liiittiii'fileelf ill geiif^riitor^ of the priwiil diiy srCf iiiimy 
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o£ tlicm, opemt(*.cl at a of rotaiiou of only «i» verity* 

five revolutionB per minute* The tliilermun'! in very wig* 
goHtive of the julvaucan that liavn heoii iiiiiilc) botli hi 
oc>rnprohcm«ioii find curmtructiom 


ALTHKNAT 1 NC^^CUKRHNT (iliNIiKATORS 

Tiikhk gonoratorH were the firnt oni*H ii» \m rt*giiliirly 
ernplciyed in the earlier <tayB of the elt^eineal nrt^ iind it 
m true that m cmrly iw iHtIO a miigiiet4eelertrie gerieriitor 
wan employed to op«!rnte an am liglit in a liphtlirniHe on 
the Rrenoh enant. ''riiere alterriiiliiig'inirreiii gtnieratoni 
were made, hut althougli the^' wem aiiiiph.^ tuHnighi ilia 
utilimtion of the eummtB gave the elreiritniin hu mueh 
trouble that Ujam the appearaneo of iho ttrainme niaidiiiie 
~whi(5h wan tlte ftrBt eoirtmemially prai*li4'iil rimiuiitimii* 
current generator— the alMrrnaiingonirrtmt gmieratorH were 
condemned and hanialHal to the aerap heap. heeaUHe ihti 
pioneer (embryo) ehaitriciiuiH had allt*geth«T Um mueb cut 
their ininda, Juat iw Boon m untiirukHl Bupplii^a td eon* 
tinuouH current biteiinio availabUi at ii poaBilile e«*f4i, tJit'j 
iucceeded in producing cmitiriuoua-tnirrciit nutoiiialie nrti 
liirnpa, wliicb made a good nhowing luid broitglil iliii 
matter favorably to the nothm cd llte public. Cuiititiufiim* 
currant gnneratorB, am lanipH and inoliins mmn lo Im^ cov- 
ered by Biich Biniplo liiwa, that for acurni ten yt^iirii iippiir* 
ently no notice was taken of the alkirtmtifig’dirnuit ny^ivm. 
True, the commiitiitor, by which the ali^trio ciirrciil wiia 
straightened, wm costly to conalruct and k> kfitp iii onli^ri 
but it was emsiar to do tliis than to oo|itj with tlni inrla* 
phjiies of the allcriiatirig ciimmt il catiiii aliiiiit that 
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for many years the alternating current was regarded as 
a dangerous and impracticable form, and, so long as the 
continuous current met all requirements, it controlled the 
field. The original alternating-current generators were en- 
tirely supplanted by the continuous-current generators of 
Gramme, Siemens, Brush, Thompson, Edison and others. 
These conditions prevailed for a number of years, as long, 
in fact, as the use of electricity was practically confined to 
systems of lighting in which the current would be gener- 
ated in a central station, located as near as possible to the 
centre of the system of distribution, and sent out in differ- 
ent dirootiotts for a few miles. 

It is true that some of the forms of continuous-current 
generator constructed for this purpose have been able, 
through their special commutator provisions, to attain a 
high enough voltage to force a small current over a circuit 
many miles in length. These machines are, however, 
neither economical, durable, nor safe for any purpose ex- 
cept the special one for which they were constructed, 
namely, that of operating arc lamps, and the limitation 
of the pressure at which current can bo generated in a 
continuous-current dynamo is found in the commutator. 
While it may bo possible to generate continuous current, 
straighten it through a commutator, and deliver it twenty 
miles from the generator at a pressure of 6,000 volts, this 
would be exceedingly difficult; whereas with an alternating- 
current generator, which, as we have seen, has no commu- 
tator, merely collecting rings connected to the generating 
coils, a current of 6,000 volts can be readily undertaken, 
and by means of a static transformer it can be stepped up 
to 20,000 volts, and has boon so raised to 60,000 volts, 
when it can be sent one hundred miles and more without 
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material lorn. Tt Ttiiiy m well eoiifeB.^eil \mm tlmt a 
preHHuro of §0,000 volin m incm^ ihim iiiij cnif^ w<itilfl at 
preHent care to Ihi iatirniitely aHHuciatril wiili, titcre being 
a mw act of tronl»lcrt to conHider niid ii«*w problemn to 
solve wbeii siuOi higli prcHsttrcs art* attiunofL 

^Phe situaiitm toolay, tbercfort.% in, tlmt fur nil loiig- 
(liHt40ice bigloprcHKure work, tbe aUt*riuiting-einTciit gen* 
orator is the cmly tmt^ to be consiib'TtMl ; nto! this ina* 
chine is jn^w so ihoroiighly tUHlersiiMi«b b«>t!i as to the 
laws of its ccniHiruction and t!te fneibofi of operiitioni 
that tlie largest instuUaiion can be uinli*riaken with entire 
Biifcty and with a corr«H*t antieipiilion of ib«^ results to 
follow; 

liemiwiil of iiiti^rest in the entire subjf*ei of iiltt*rnaling 
oiifitmts, their gencriilion, tlislribuiion iuh! ulilir.fition, im« 
mediately followed the thm’«»very by Messrs. Ciaulard 
Clililm <if Tanidon, aiauit IBHlb that the induiiiori eoil \vm 
reverHibla. Tlie iml.ut*.tion taul is ofleii referrt'd |.i> ii« the 
Kuhmkorff coil This iijifmnittts has been, and if4, iiiiieh 
iised, as it alTords tlie means of olitnining Iiirgi* 
sparks from, the diseliargti of tdeeirie eiirrerils of eiior« 
monaly high pressure lietween sepiirnlial iliti 

original mmtm of mirnnil being iiii oriliiinry galvniiic 
battery. The apparatus eontpriaes a siibili'vidfai iron enre^ 
usually a bundliMd wires. Upon this rciru m ifoiiipt n eni! 
of thick wire. The terminals of this wire tire emirieeted 
to the oppoaite poles of a galvanic liaiirry eofil.fiiiiirig liiiy 
citsirtMl immlMir of cells, ami ait iittemijiier m pliife«l in 
the circiiiti which iiilerni|iier may Im ojieriiteil liy Iminl or 
be automatic. Over this ftmt or firtiiiiiry enil m tlieti 
wo-uml a much longer coil of small wi«:i| llie lerifitiiitk of 
which can l># brciiiglil to atljaamlilt |Miliilit!il i|ihertii for 
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the purpose of producing sparks by discharges between 
them, or connected to any circuit which it is desired to 
supply with alternating currents of high tension. Every 
time a current flows in the primary circuit, a current will 
bo iuduecd in the secondary which is over it, and when 
the current stops in the primary, another current will be 
induced in the secondary. Consequently, when the bat- 
tery circuit is closed and tlie automatic interrupter is in 
<)])e.ration — and its operation may be inconceivably rapid— 
the makes and breaks in the primary circuit will be so 
fast as to produc.e an exceedingly T<apid succession of alter- 
nating e.urnuits of far higher tension in the secondary. 

(laniard & (libbs published the fact that by connect- 
ing tlu^ k'rminuls of an alternating-current dynamo to the 
primary einuiit, it would act to produce currents in the 
secondary just as though the battery and automatic inter- 
rtipU’r w<ue used. This enabled them to produce continu- 
ously the high-tension alternating current from a low- 
t(msion alt(!rtiating dynamo. They also discovered, and 
nuuh' public, tlu', fac.t, that wheti the current of a high- 
tension alhirnating-current generator was sent through 
the secondary or high-tension coil, it would react upon 
the primary, just as the primary had previously reacted 
upon the secondary, with the very important difference, 
howevisr, that, V)y this reversal, the alteniating current, 
coming from what was previously tho primary of the in- 
dnetitm coil, was reduced in potential, while increased 
in fpmntity, in t'xact proportion to tho difference between 
tlu) windings. They also utilize this discovery hy applying 
the reduced high-tension current so produced to a system 
of iiumndesccnt lighting having high-tension distribution 

with local reduction for consumption circuits, as it had 
SOIBNUB— Vot,. XIII-15 
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been found out that tho incaiuloacuiit fniiip, althougli made 
for uao in oontiuuous-curront circuitH, vvuulil oqually 

woH with altornating curront, provitUHl, of courao, tluit tho 
altoruatioiiB wore ho rapid uh not to bo porooptibUj to 
tho oyo. 

Immeuliatoly after thoao fiiolH bocamo gotto?‘nny known, 
invoHtigution and oxporiinuiit bogiut, aiul, atarling with 
knowledge gainoil from ton yoara' ai-tunl, praotioal and far- 
Boarching ox|Hiriono.c with oonlinuouH ouiront ajifiuratnH of 
all kiiultt, it wuH not long bofuro ultornating ourront Ky«. 
toms of olootrio lighting worn dnvoUtpod nml lurgoly intro- 
duced, continuing to bo, over bjiioo, nut only a oumjiotitor 
of tho continuouH-ourront HyaloiuH, but prt*viiig to bo rnuoh 
more economical whore tho torrUory to bo o«»vt»rod b 
oxtciiBivo. 

With tho advent of tho olootrio railway and tho tb- 
nmnds for vaat voluim^a of ourront, oatno iho natural oon- 
Buloration of tlio utiliaation of watorfallH at btng diHtaiicos 
from tho work to be porformod. Obviously, it would not 
be practical from tho Btamlpoint 4»f ooniiiu’roial oounoniy 
to carry tho current over »uoh <liHtouooM at tho proBHurc 
which has boon adoptoil for uws im» all olootrio railways, 
namely, 600 volts. Very Boon it wan bntnd that allornuting- 
curront gonoratora could he eauwtruotod whioh would de- 
liver curront at a pr«H«tiro of tnany thouKnnd volts williout 
committing suicido, and tliat huoIi genoratora oould bo 
employed to convert tho power of the wntorfidb inti* oloo- 
tricity whioh oould then be eoonombally conveyed ti> the 
vicinity of «»o. Thus it came about that eb'etritnaiiB re- 
turned to the original form of mechnnieally pnaltteeil «ur- 
rent, but with all the experience of tho iuterviuiing yeiira, 
•o that it is now really only nee^umry it> underatand the 



ALTERNATING-OUSSENT MOTORS 


337 


plvyBieal conditions, wlien the electrical engineer is pre- 
pared to meet the demand, ■whatever it may he. 


ALTERNATING-CURRENT MOTORS 

Thksr motors arc especially adapted for use in circuits 
cnrryiiig single ]>hasc or polyphase currents, and the refine- 
ments of construction have gone so far that motors are 
especially adapted not only to circuits supplied with alter- 
nating currents oC different character, but to be operated 
Jit their best with currents of stated frequency. So far has 
development extended, that a motor, constructed to operate 
upon a circuit supplied with currents which alternate at 
till', rate of tw(mty-livo cycles per second, works at its best 
with such current, while the motor designed for a circuit 
in which the freciuency of alternation is sixty cycles per 
HtH'.ond will operate at its most efficient rate when supplied 
wil.h siudi current rather than with a current having a 
grciiter or less frcjpucncy of alternation. This is mentioned 
tnendy to indicate the degree of advancement in this 
hnundi of the art, which at the present time is far beyond 
the coinpndicnsion of any except those who make it a 
Hpc'cijd study. Although, as hereinbefore mentioned, and 
JIM nderred to in Chapter VIIT., the earliest of the electric 
gimcrjiling machines wore of the alternating- current type, 
the gentleman who produced them would not have known 
what to do with the alternating-current motors of the 
present diiy, so utterly diitorent are they from anything 
even dri^anmd of in those early times. 

The d<>.vclopment of the modern alternating-current 
syMtern of transmission of power, including the large, 
high-tension generators, naturally led to great improve- 
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ments in moans for rnising tho poteiitiiil of Ihe onrrent 
when that was necessarj in order to tnuililt* it to trn verso 
extraordinary dintances witli ordy trifling loss, tlit^y iHdng 
called Btep-iip transforiners, and \n reduring tlii^ tMirront at 
the receiving end by int'ans of Htep-<!owii tmnsfnriiicra 

With this apparattis, however, wlietla^r stf*p-iij» or siep. 
down, the current retained its original c’hiirurtorisiii^H, and, 
whatever its tension, was still an nittnnaling current, hav- 
ing the same niurd>er cd alternaticuis pt*r sta-oinl ns when it 
started from tlu^ gtuu'raior. 

During the stipremney of tln^ continuous eiirnuit, which 
may roughly be plm-ed m inelmling iht' period between 
the years 1879 and lHil4, large nmnlHU's of continuous- 
current motors liud been munufacturtal and pul into ser- 
vice, also the electric motor had been iipplied in tlie pro- 
pulsion of passetigeru’iirrying vchiidt\^. and the tdeetrical 
railway had come Into existenef' as a prneiieal thing, It 
therefore became necessary to cfuisitter t!ie i*oiiversi«m of 
alternating currents intf> continuous eurrenis on « f‘oiiiiuer» 
cial scale. Furthernmre, the series wound, eontinuous* 
current motor remains to-day the most desirnldi^ iiiiieliinu 
for converting electriejil energy into mecliaiiical power 
upon a travelling vehicle, so that the conversi«iii of Itirgci 
volumes of lUternating currant into tmniiiiiiotis ciirreiit to 
supply electric railway lines, nanuvrd early tsmsiileriiliori, 
and this resulted in the prtHlucUfm of the modern roliiry 
transformer, the two types of iriinsfornier binng kiitiwn 
respectively m the static, whieh we liiive itlreinly 
ftidar^ as th© analogy of the Eulitiilccirlf cinli mnei llici 
rotary, now to be menlionccb 

The modern rotary transformer is a incml mmmkuhU 
machine in every respect Ii imeiiiblii a tlynam^-alecilric 
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generator in having an armature and a field magnet, Ibut 
differs therefrom in having an alternating- current generator, 
or motor rings, connected on one side to its armature coils, 
and a regular continuous-current generator, sectional, com- 
mutator connected on the other. This extraordinary ma- 
chine is supplied with alternating current at double the 
tension of the continuous current that is required. Under 
the influence of this current the armature rotates, con- 
suming a small proportion thereof, while the rest is 
straightened upon the commutator, its pressure cut down 
one-half, and delivered to the line as continuous current, 
the loss being only the small amount of current required 
to rotate the armature of the machine, plus the friction of 
the bearings. This would seem to be the absolute limit 
of economy, for in point of fact one single armature wind- 
ing is made to perform two separate functions, more 
economically, and fully as well, as though two separate 
machines were employed to do the same work as had pre- 
viously been done. As already stated, only a few years 
ago a rotary convertor, or motor generator, comprised an 
alternating- current motor armature, and a continuous- 
current generator armature, both upon the same shaft. 
The alternating supply current was led to the alternating 
motor armature which it drove, being entirely consumed 
in so doing. At the same time rotation of the generating 
armature generated a new continuous current which was 
sent to the line. As we have seen, the rotary convertor 
of the present day comprises only one winding, which is 
driven by a fraction of the alternating- current supply, the 
remainder finding its way therethrough and out through 
the commutator in the form of continuous current ready 
for use. 
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While tliin work rt4ati*H primarily in tin* ooiinecticm 
l)ctAvei‘u i'lcf.triihiy mul iiualorii lif(% it WMiihl In* iiuuim- 
phrto without u panaiug n^urom’o to tho Htraiu rii|,ritH% jiml 
the water-wh(H*lj to tlu^ of tluii ilu* 

dyiuuno-el(H'4.ric^ geiH*rutor Iiuh Oom* iiion* for tin* 
eugiue luul the wutru" wheel than uuy t»t!ier :i*/rnt’y \vluit» 
evcn\ may Heem paraOoxieah luil it a fjifi tliat, 

until the Uilveiit <»f the Ht<‘;um«!riven ehTin** |0‘iii‘r:i,t,ir, 
iheri^ wa,H uo (lemaiu! for that e!os(’ mitMinaiio ri*'oi!a!ioii 
of the HU‘um migim* whieh imw exiHlH. Mam of fh** oarlv 
failurea in ehaUrie lighting phuita wloeli w^r,* ehargial tip 
to tlie eleetrieal a|tpHratUH W'ere aht^t»lufel v ami whollv diii^ 
to tlie primt'i motor* the Hteam eiigme, 'rhorr* hi m* iloulit 
tliut eleetrie genera torn havt^ gri’Htly iiaproveil a!?iri in tlm 
meautimir, hut the Himplent ilynaiuo-ehn-trit* gri*i*ra!m* uf 
the cuuiy OavH, of (hilun* type, raeeimitii* or Mr,inimi% wm 
inliaiiely .superior to ami iiioro fhiui the hesi 

steam etigiue of tliat iimt*; ami ns tn wnfto*' wlu'els* for 
many years after tlie intrcHluetioii of the ily iuunoo*!eririn 
generator atul the eonsec|ueiit enormous hurst of lievetop™ 
merit in the eloetrie iiri, iht^y reiiuune4 sm'li lui nnerTiniii 
quantity, ami their meium itf regulation to nirr!. 
of kmd on the gtmeriiior were sei eruile anil iiiiuiisjuiii«% tlmt 
they were very little useth For a long limn waier-wlieols 
were tlmrefore m»t eonsiilereii availahle ns priiin* iiiniiirs. 
Since then, howavefi nieclianiefil enginef^rs Imve given 
mucih attcintioii to llni queation of Ilnur rf^giiliiiiit!i mul 
control, no that the viirbua iypm of waier*.w!i«u4 of lli•illly 
afford a very iiraotioal and exoeediiigly vitlnnliii! 
motor for elootrie geaerabra. 



ELEOTBICf LIGHTING 


841 


ELECTRIC LIGHTING 

Tuk automatic. oU'c.tri(! nro lumj) lias now been in public 
list' for twenty ycurH. Tiiia lamp apparuntly readied a state 
of jHU-feet ilcveliipmmil ten years age, as a steady, reliable 
and most powerful illuminant for outside use and for the 
eeonouueal liglitinj!: of large interior spaces. Arc, lamps 
were alway.s eoiiiiei'led in series so that the current passed 
through them all in suei-essioii, each lain]) consuming that 
jtortioii for whieli it was adjusted. Arc lami>s <lo not use 
a very large voluiui' of eurrent, hut the resistance of the 
are is i-oiisidernlde, so that witli forty or fifty of them 
conneeled in senes in a eireuit itnduding several miles of 
wire, the voltage, or jo'essuire, of the eurrent nueossary 
to traver.se the entire eireuit is decidedly high. These 
lumps were i-aeh sujijdicil with a pair of carbons, usually 
jiroliH'led by a large open ghdie, the are being freely ex- 
ptised to the aiinosphere. Tlie i-uHions as ordinarily used 
would burn »o\tei-n hours, and eouseipumtly they bad 
to be rent'Wed, ami the lamjts trimmed, us the term is, 
oveiy day, 

h'ur several years it was expected that great improve- 
meiii.s Would b<' mad«’ in the eonslruetioii of incandescent 
lamjtH. and that larg.’ si/.es of iliat tyjw of lamp would come 
into general U!>e mdours. Large incandescent lamps have 
been on tin’ market f..r many years and they are made to- 
day of H** eiindle power or more, but they have not be- 
e«»(iie pojiiilar, j*arllv because of thidr cost, coupled Wltb 
the fuel thill a damaged ineiuideseenl lamj>, bo the injury 
ever so shghl. is altogether useless. 

It w only a few years ago that iho alternating eurrent 



842 EL^:(^ni!riTr lv MormnN iJFK 

began U> bt* iigaiii a[»i*!i<*«l geni’rally lr> liglitiiigj 

pn’vieuH to thnt luiits for many yviw, ail I’li'atrir. light. 
Illg luiil IhU'II llC*tM.i|Uplia!ual by ruHtMMlMUM r iirfrisl.H, *V\m 

very early |»rit»r t»* bsHij, iiii4 nil ln^m ^viili 

iilteriiJiliiig tnirrenia, wlueh, being biiie it iuierHiri»iih hml 
not given goml rcmullH, urnl wrri^ alainibrnr*! n!i»iyfi.lii-r fur 
a number of yeara in favor of tlie eiuoitunniH riirreiib iia 
lirotlue.inl by the iimehiiiea <4 linunme, Hriisli, 

K<li«ou and others. 

Horiu* m^xen years iign ii iyjw of are Iniijji was inlriHlueeil 
by the Wt*Htiiiglmuae ^h.m4paiiy exprei^ilv for use In eim. 
net^tion with ttnhr iilteriiiitiiig'eurreni sysi«*iii 1,4 idf'etriu 
lighting, ’^rhis lump lia«i Wif!t% Ihilienfal tnirbe»iia whioh 
wiirii eoimuniiHl by the are IravelliUK baekwnrd iiiid tot- 
ward acm«« their adjin^eiit endii., Idiese litiiip^ wmihl l»iirfi 
two nights or immo wdthoui retrinuuing, bui they wern iiai 
in|ual in iierforniiimm U* the br^*ii eoii!iiiui»iiiV‘riirr*'iii ura 
lamps timn in texistemm 1111*! lheri 4 or«^ hme no! niirvive«|* 
Dcmhtleaa aneh improvemeitls eon Id and would havis l.if*rn 
iiiatlo iia to render their aer\ tee inipiul to tliai «4 oflii'rarii 
lainpa^ iixeept iliai ilm slutting of the are m imvelUiig 
lieroHH t lie ends c 4 llin earbons wmild alwavs entire u imife* 
Tfiwmt of tlia liglil tint t wott 111 \m% objretiotnible iind uiiaVoid* 
able. Aliiiut five yriira iigo» however, iiii iinjirovnipail wiis 
applied to tliii lire tamp genenilly, whieh m of pueh iiiipor- 
teiieii btilli ki the ideetrieiiiii ami to Ihe pul^lie im Iti ilefirrvti 
ipeettl 4 dui ii{Mtn are lamp Jiml nd'erml to ii 

ineiitbMd in (Jliapler XV.* ami illiminiied in muj ftiriii in 
Fig. 67. Tliij grtml »li*p from ihni tiinip ki the iinil iiinl 
gwadttl defioii llial cma now Im ai^n almosi ef*’rywlieWj 
iimrktt an imormtjui ifupmvtmieiib Idm hukmmUm regii- 
laliag Bieeliaiikia m oontairi^ la ihe iip|«r jin?i#illie pi»r- 
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tioiiT from which depends a large, flaring reflector, under 
whicli is seen a narrow, elongated globe secured at its base 
to the bottom of the frame, in which base the lower carbon 
is also secured. The upper part of this globe has a cover 
through which the upper carbon descends, the arc being 
formed within the globe, which, small though it is, has 
provoil its capacity to resist and last indefinitely under the 
onornioxis heat generated in the arc within it. The globe 
oxcludos most of the air and these lamps are known as 
“inclosed arcs." 

The extraordinary result of this apparently simple 
changes — that of inclosing the arc in a practically air- 
tight globe—is that the life of the carbons is increased 
ton times, and oven more; so that instead of arc lamps 
being trimmed every day, as with the old style open arcs, 
the ineloHod arc will burn for as much as two hundred 
hours without trimming. This means that small and very 
economical arc lam{)8 can be, and now are, made, which 
are well suited for use in moderate sized halls and inte- 
riors, and which, when trimmed, are hauled up into their 
positions wlmre they do not require any further attention 
for two or three weeks according to the amount of use. 
This also reduces the cost of carbon and makes it prac- 
ticable to use a higher grade which undoubtedly gives a 
bettor light. Moreover, the light from an inclosed arc 
lamp appears to be steadier and is undoubtedly much 
softer than that of the ordinary open arc; the heavy black 
shadows from the frame disappear, and the hissing and 
humming are done away with. These lamps are now made 
in the regular large sizes, and also in medium and very 
small sizes for interior use. Their length has been greatly 
reduced, and with the ornamentation that is now being ap- 
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plied to theni the objt'etions ho lonj' apparent with tho 
regular are hiiiipH liave uhnoHt entirely diHappeuri'd. 


ARTIFICIAL DAYI ICHT 

A NKW hjbLuu of iutiu'ior lighting which promiHca a 
great advaiuai toward tho ideal hai hcen ficvi.scd and 
brought t(» a Htsitu of practical publie dciiioiihtration by 
Dr. 1). M<'l‘’arhin Moore of Newark, New *Ier;a'y. 'I’lio 
incniuh^Hcent elei-trie lanip ho larj't'ly in uhc Ih now a fa* 
miliar olijeet, aiul it ia generally uinlerHlood thul tlie light 
given thereby i.s uHiially of a diatinclly m-IIowihIi caMt. 
Tho general pulilio is alno familiar with the arc lamp, and 
knowH that itn light in of a tlazzling while, rnnninf' to a 
Btoel blue in many inataneeH, ami that thin in exeecilingl y 
trying to the eyi'H. Mont people have bi'en aecnstomci! to 
oil lamiw and gaw, whieh long a,go attained their liighent 
degree of perfeetion, ami upon the appcaranee of the mod* 
eru uro ami ineaiuleHcent lampa it wan gt inTaiiv llionj'ht 
tliat tho art of illumimiliou hud reaehcd ila limit. 

Mr. Moore, however, <umH«.H to the front with « further 
development in that art, ofTering tt» Hiipply a light wlm-h 
he eallH urtilleiul daylight, and whieh in prodnerd in the 
interior <if long ghiRs tnbeH whieh are to Ik* Hoenred about 
the oornietm and corm‘r.H of a room, ariiund pillarH in 
ohuroheH, upon the eeilitign, and, in fact, wlnTcver the 
beat resulte wilt ho prodneed. 'I'lio light proiluccd by 
this system is perhaps best di'serihisd m tlie inventor's 
words as a beautiful milky glow whieli entirely iill« the 
tubes, is pleasant to tho eye, and ditfuses ihronghuui the 
room a beautiful white light. Tho principle «f the appa* 
ratus employed is not that of the <Jmiwi«r tube, whieh 
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flwt iiglil it mm% iiiMirlj rminnUm, bat mmhu of a 
Tiicniiiiii ¥il>nilor, iiiiah liilw binrig nicltiittiiteci iwitl |jrcivicliM.i 
wilb » toriiiitiiil with ii mm tixlotiiliiig from mm ter- 
minal ir» tite ollmr, bill I'lijuililo tif vihriiting i4ii m In iiiiiko 
grid lirniik tJio I’inniil tliriMigh iliti liilw willi gruiil 
This llio |itnMtliiir ligfit. iimi whnt will bn llni 

outenfnn tif tliiH in vi’iiiitni, m willi lliii 

ijtilisiiitii m i’titirmi II iiiiiiinr fur ihii fytiira in fininriiiirw\ 
but tlin liglit ii« «»?iliibilnil tn mmi niiil it umy 

fllitl II jiliinn Ilf ilii ii'Wfi nil nntniuiil nf im tiniiiiiy uf nliiir* 
nr iilliiiinlnly tinvidnji utmh mlvmiimgm^ 
with liliHiliiininiil im III niifiijiti! itii lidiijililiii 

ill liirgti iinw iiifliiilliiliiHnn tb^rliiinlj ilm jwiitutbiltlj tif 
mtiiig II n*niii nr bull willi iiriilimu! ilnyligltl nr niinniiitiii 
eiiiirely fmn fniin glum nr tHnm^ m iilbiriiig, iiinl ii nmy 
\m llifil Mr. tuvmtlum itiiiy yel Ininl ii#ii.df In iniiwi 

itirl «if nnw* m iii»«liliniilic»ii ibai will liriiig 

il iiitn Pitrly jirniiiifHUHHn 


AtiroMi miLHS 

Tiik |ja»l lit«* ymim liiivu n ismfit w«iii«lnrliil grtiwlft 

ill l!i«’ ii|»}4ini4li«ifi tif pln^^lritniy in iln' |irfnnilii$<.iii ttf intitor 

fidiii'lnii III Tlwisfi ill j*r«m 3 iil i%ri.i iii lb© fnriti iif 

iniiriiig«’fi iitnl ibdivnry wp^iiiin, all tif tlimii liiiifig ii|i* 
trilled by Plnriign Imllnrma, wbmli mwm riirriPi.} ii|iriti iliti 
wiiir-leii iiini ml rtinlml aliiliMii# wlwii iiewi 4 #iify, 

ftiii rlei'lrm iimitir %*nbit4© i« im b#iig©r nilitr ii Iaij nr 

ill bill by ilia aJlnrla «if »killr«i idetJiriciil Hi* 

gilinWi rniiibiiiatl wtib ill© ©tiiiimga «if n frw iliitifig rAjii* 
tftliatei 111© imli aiuliiiti 111 H»w Y*»rk* iifier ©tiniing 

fcir ft imr nr wiiimal minraeliiig fury ttiinti allutt* 
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tion, Hiulcltnilj into public iMtticn anti fiivor. Thig 

brought lUiliinikul cfipit4d to the aid of riitiu’jtriKr, iimt 
from tliiH com|)ariitivoly Hmull Itugiiiniiig in Kvw 
tho imluBtrj haa grown until Hub^uiuiipuinoa fur iJjirriiiing 
oloutric havt^ boon <»rgafiO!ri| in nil, or nhno^it aH^ 

of the largti oitinn of thin emuntry. 1*ho orraMimi i,f ilm 
BUcldun tlircniion of publio attrition tf> thr iiMi-fii aint 
valun of tln^ oUH’.irtu. rab wim a H*‘voro mitl pr^UratUrsI utitm* 
Bb>nn in the month of l)cH*tmtbt*r, skUvu vt*ry frw vi> 

hioloH of any kmd whutnvor ooubl bo opm'iiOnb iim! manj 
Htablinmm refuHtnt to lot tlmir bori^rH go out on aorinintof 
the weather. KliH*irie ealtH, howrviu*, rami^ to th*^ rvmmi\ 
ami wore tipm’iiteil day iiml night t«* tlioir fnlloMi puMH ilk 
extent. This luttumlly nttraetiHl atti'nli..!t, nml, iijiun in- 
voHtigation, the amount <if work , jM-rforuu-i! hv tlo\n’ milis 
nntler such trying circntitHtunrcfi wns foiuitl to !ifu.' In•,•n 
prodigioii.'i, and tliey w«t»‘ tlins hrunght at om-i* iiit,> jni|>- 
lie favitr, with the result tliat no amoimt of enpii.'d hiiH 
boon ablo up l<i the present time to supply the drmiutil 
for this type of vehiele. 

Notwithstanding the fuel that a iiinli.r %e!ue!,- l....itlrd 
with storage batterien is fur lioavior tbnii an ordmiu v \. bi- 
elo, and also somewhat heavier than llm eumpeiinj; system 
of gasolene and steam operutiul earriages, tiu* eleettie 
has an advantage as a driving agent that UN ItOl |■^Ot4Hf^f4|4l'd 
by any other power. First of all, it is a ri-lary m«.i.ir 
eotmoeted dirw'tly t<» the wheels. It gives fnrlb t... l.rjit, 
no smell. It is not dependent tipnn sparking device. , t,r 
lire io be regulated, or water to be supplied. If siuods 
still without a sound, and is wmdy at all times t«> movo 
forward or backward, fast nr slow, neeording' i.. the «i!! 
of the driver. Ihetj again ita tnotion is absolutidy 
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it lias no dead points, and so long as tlie current lasts it 
is an ideal mode of conveyance. The large pneumatic 
tires uH(*d at, the present time serve to absorb all jar and 
vibration, and make the vehicle comfortable to the pas- 
Hcngm-H. 'I’ho objection to the storage battery vehicle has 
always been that good reliable batteries are very heavy, 
ami th<n'(dort! ari* troublesome to remove for charging or 
to exe.hungt* for a charged set, but these difiiculties have 
bemi all tdiininated Viy Mr. G. Herbert Condict, who de- 
vised a ineehanitud arrangement for withdrawing a tray or 
set <sf spent batteries from a motor vehicle, and replacing 
it with a similar tray of fully charged batteries. So per- 
f(‘(4.1y does this apparatus work, that from the time a cab 
is run into the. station and its spent battery removed, to 
the time it (um leave with a new set, and fully prepared 
for nnotlu'r tour of duty, need occupy less than three 
minutes. No number of men could handle these heavy 
trays of batleric's in double, the time, and the charging 
and loading and general cani of the vehicles having been 
reduced to an organized system with known factors of 
cost and wear and tear, the electric transportation of pas- 
smigers in cities by cabs of this type may l)e regarded as 
an (-slabli.shed and assured success. Many private per- 
Hotis as well as physicians now rent these cabs for per- 
manent use, having them constantly at call within a few 
minutes by use of the Uslophono. And so begins the exclu- 
sion of horses from cities, which, it is prophesied, will in 
this country occur within twenty years. Architects also 
are beginning to take cognizance of the automobile, and 
t»> <smHidt»r planning for a room in the lower part of the 
house to atummmodate it. Perhaps this is suggested by 
the bicycle, which to a greater or less extent seems to 
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cumber every hall in the country, and has to be, and ia, 
definitely arranged and cared for in tlie couBtraclion of 
the larger office buildinga in tlioae parte of our large 
cities that are favorable for cycling. 

While it is true that the electric anioniobilci ia help- 
less without current, it is also true, iiltlunigh not geiiernllj 
known, tliat any kind of current can lie utilir.ed in Hiimei 
way to charge the Btorag«^ hutteric‘S by whiidi it is jirc'i- 
palled. Ordinarily tlie direct current iwed for interior 
eleotrio lighting is jtwt right for a sf4>riige liiillrn*y, so 
that in nearly every eity in this tmuntry thi! owner of 
such a carriage could eharge it frruii eiiiidiicltirs in lib 
own house. 

Mr, Condiet’s system provides iiuiomalte deviet^s for 
indicating when the batteries are fully cliiu*g«*d, lunl also 
lor cutting oft the current; so tlial it is now possible for 
one to have his electric nutumobile in ii rtHun provided 
therefor in the basement, eonnections run from the oleetrie 
light wires in the house fi>r tdiarging t!i«» saiinn iiiiil after 
using the machine all day, to eonmn't it to ihi'' tdmrging 
circuit at night and leave it to Inky enre of ttself. This is 
simple enough, and will undouhtetlly linnl to ilio use of a 
vastly increased number of privalti veliietes iii eilies wfierii 
the horse, although ii iioldo animal, is now rei^ogiii/.fsii its n 
nuisanoo, both in his stable ami out of it, lliiil initsl evero 
tually go to pastures green, where he will Iw viuiily Iwtier 
off, and III© siitiiiiiry conditiou of our miies tmmmimmh 
ingly improved. It is tlm horses* shoes lliitt eiii fiiiii 
pavcmeiite, and lliere is no reiimdy for this exeepl eiiiiriiii 
pavameiite, Wliciiil %lrm can he iniidti widwr, bill hfiriitis* 
hoofs cannot, iiitcl ilit dirt ami Utter tltiu t4i iheiii is itw 
diraol causa of Ih© clouds of cltwi wilti wtiieli wn liro 
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afflicted. To eliminate all of these things will take time, 
hut events move rapidly in this country, as can be seen 
from the onortnous growth of the electric railway in the 
last ten years. Storage batteries can only be charged by 
the passagi'. through, or rather into, them of a continuous 
current of tin; proi)cr potential or force; but, as said, any 
kind of (uirrimt ca,n in some way be utilized for this pur- 
pos<'. A Now Yorker, owning an electric automobile, de- 
sired b) iiave it with him on his summer vacation in a 
villujo' which is lighted by incandescent lamps using al- 
b'rnating curnmt. Ho rented a stable and procured two 
pieces of apparatus wliich ho armngod as transforming and 
charging plant, d'he alteniating-current supply conduc- 
tors were ciinne(^te<l to an alternating-current motor, and 
the rotating part of this motor ho connected by a driving 
ladt tlirougli the rotating j)art of the ordinary continuous- 
ourrent mol.or, wiiich was driven mechanically by means 
of the album# ting-current motor, and so the second motor 
was uk<h 1 as a generater. 'The current from this was con- 
ducbid dir<H-.lly to th<! storage batteries without removing 
tlmm from tlm vi'hiclc. Transforming sets for changing 
alternating itib) continuous current are now made in which 
the parts arc all imnuitcd upon a single base, so that the 
machine, transported as a whole, can be set down any- 
where, and u(«»c1h no siMmial foundations or alignment or 
adjustment, fn fact, it is complete in itself, and ready for 
use on (uinnee.ting tlm alternating end with the supply 
current, lunl the continuouH-cutTcnt circuit with the bat- 
teries b> be supplied. 

If the available current is of too high a tension and too 
•mail a ejuantity, this cun also be rectified by passing it 
through a rotary transfonner, as in the case of utilizing 
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similar currents purposely tran8i)orto«I over long distances 
to the vicinity of use. 

The public cabs arc ordinarily provided with storage 
■batteries sufficient to propel them thirty miles. The bat* 
torios are tall, narrow jars of vulcanite, each contiuning a 
number of leaden plates combined with a chemical anb- 
Btanco. For oonvonionco of handling, and also to prevent 
the jars from being loose and capable of rattling or shak> 
ing among themselves, they are arranged idoso together 
and tightly wedged into strong woi>den trays of standard 
size, ititorcihangeable, and weighing, complete, almut l,f»()0 
pounds. These are the trays which arc hamlled with such 
■great facsility by loading and unloading mechanisms at the 
central station. In private vtdiicles, whens it is desired to 
remove the battorit* for charging, or to exehntige them, 
they arc arranged in smaller groups; and instead of being 
attaohed to the vohiolo as a whole or plaetai in a sin- 
gle large space in the vtdiicde, they are stowed away in 
small closets, but all eomusotod to a single controlling 
mechanism. 

Where the storage battery when fully ohargetl will 
carry Buffloiont current for the ejitire day’s use to which 
the vehicle is likely to bo put, the battery can, as wo 
have seen, be charged at night and used during the day, 
ft should 1)0 rememhorod that, as a genoml thing, a stor- 
age battery requires as mucli time for charging as for 
disoharging, counting the discharging as the time during 
which the current i» actually passing from the storage but- 
tery to the motor. If many stops or calls are tnade in the 
use of the vehicle, it might ofuin ho out tl»o entire tiny 
and the battery be called upon for not tiioro than four 
hours actual service altogether. In tnany easai, Inmever, 
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it will be foxmd imiob the best for tbe private user of an 
electric automobile to have on hand a duplicate set of 
batteries, with tray and contacts all complete, to be ex- 
changed for the set on the vehicle whenever it is more 
convenient to do this than to take the time required for 
recharging. This is now quite practicable, for, notwith- 
standing the groat weight of a standard tray of batteries, 
such an are. handled by the machinery at the central sta- 
tion, mo-chanism has been devised for private use, whereby 
the nctn of hattorics can be exchanged by one man without 
diiliculty and in a comparatively short time. 


TELEGRAPHY 

Manv plans for nonding largo numbers of telegraphic 
mc.n.sHgo.n witli great rapidity and absolute accuracy have 
boon proposed and developed during the past few years, 
ami arc now in a sUitc of readiness for adoption. It has 
iHH'ti recently propoaiul to use the telegraph to literally 
send carloads of messages between certain large cities. 
One of the lab-st propositions, which is undoubtedly prac- 
ticuhlc, and must eventually go into use, is to avoid physi- 
cally tramsporliug the tons of letters that daily pass between 
Hunii cities, for instanoe, as New York and Chicago, requir- 
ing thirty-six hours in transit. 

It is nsHUined that most huaiiiess letters can be expressed 
in fifty w«>ri{s or uutler, and it is jiroposed that the copy for 
Ihowi letters Ihi mailed in the usual way, collected, and 
opimnl at the post-oflico. Then that the contents be tran- 
scrils'd a machine resembling a typewriter, which pro- 
duces a continuous perforated strip of paper simdar to 
that referred to iii pagea 120-122. This strip, whem fed 
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tlirougli a Bpccially eoiuBtrucUal and v«‘ry Hiiiijile ttdc'gnijdi 
instrument, protlucen dot anil dasli signals on the lino 
wlucdi arc reprodmaul hy a Hintilar ina.c*!iiin‘ at ilm <ithor 
end. The Tuacdihio at iho roiudving Htutioii is roiinet’trd ii> 
a perforator whieJi turns out a faoHiiuilo of tho prrforntod 
strip ustul at the sendiiig statiom This strip is thru tram- 
scu'ihed into ordinary language and tltdiverrd hy the rrgiilar 
mail carrier, or by speria! messonger if drsirod, ibr idi‘a 
l)oing to send out at very low mist wluii ndgbt callml 
ii skm tehp*(tm* It is cstimakal that a innssagr nuiilr«! in 
INow York btdorc noon I’ould bo oollrotod, Iraiminitiod, 
and dclivcriul at its dostiimtion during iln^ aflornoon. 

Tlio expense of transjuirting the onoriiious mails be- 
tween tliese two cities is at present vt^ry great, and niurh 
of that could bo saved. Tweuty«four Imurs in lime would 
also be saved, and the seinh'r would be amjdy eoiiijiom 
sated for the somewhat inenuised cost by t'ln^ gnaai saving 
in time. The tdiarge eontomplated is only tm emsts, I'lds 
would cover all mxpeiiHes, and of eoursi^ iimUJier tmi rents 
would enable a similar llfty-wi^rd message to lie rooidvinl 
in New York the next morning, a iota! cost of iwnmly eoiils 
as compared to several dollars for ordinary telrgrams of 
similar length. Many Imsiness men would niiturally i*ro'« 
for to have their letters come in the original form of prrbo 
rated strip, transcribing them at their own nfliees, Tliis 
would iiiiure seereey iind also hasten delivery. Ilits m*r> 
vice would require a sjiecially Imitt line, the wire or wires 
of which, wliile about tho same si/a.i ii« lliose ordirifirily 
used on the telegraph line, would be of luird driiwii eo}i« 
per, whiedi poasessea great tensUe strength iiml is tlierefoiti 
loss liable to l>e broken down during storms, iiiitl wlticdt 
would also have ieveti times ilia coiidualing rii|iiieiiy of 
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in tlu^ 8urnnindin|,^ ntnn^sjdicrn. Pn con- 
Btru<d.t‘(l an iuBtrununit wiii<'h wan Hullic'ifnitlv HtniHitivn. to 
Iki aflVettal I'lj and to ri\M[>ond t<> Bindi olnrfrii’ wavon w}if*n 
pljuan! at. a Hlnnd. dintniuM* frcnu tladr t!iif4 liindro 

lie c^allod a ‘‘eohorer/’ Quito rreeiitJv ii yMiino IfaliiiHj 
Mr. Mareoni, hm ta.ken up th«‘ Btudy «»f f!ir:4o |diOfiiuiiiiia| 
and hy in v<\^tiimt'ion and exiH^rirnmi \im dr‘Vido|H*d thn 
Hynteiu an to eHtaldinh the pii.s.silMlity <*f \vir«drr.'H tfUn^rjijdiv, 
whieli IH now iHuny rapidly pushed !«♦ pnifiirn! and 

<l<nthtleBH wide, if not univeraah appliont itui. 

In Ida HyaUua Martaud pOHliirra cdotiraail djMfliar.O'ra or 
Hpiirka fnun a pcunt in the air rairnal Hottifwliai above itm 
iinniediatn HurroundinffB. Now^ wlnui a rei'»d\fT, wldeli in 
inljuHtetl to rtvMpdud a wave of the (diarioior and foreo 
whitdi m Hot up by thr* diHohnrner friuu tli** ainidifii,^ atafioiij 
IB hunited at a auitable tlinfanein it riv^pinniH to fhi^ wavi*j 
arnl hh iltn wavoB are alnui. or lonp. will rru*ri*ei!v r«*pro» 
ilinui the BignalHBont. The MorB«» eodo uf doi'^ and l!:l^4!}l^H^ 
or Hi^^nid.H mni intervals, in uniah bo that f!ie vtimUip; 

from tlia rmdver are road unti underatond in the i.rdiitary 
way. Of eomw ii rt*eori!iiig ituifninimi by whitdi tlie ,Hi|o 
nala are marked upoti a moving atrip of paper ronld bo 
employed in camneetion with the but in thiB 

itouniry thuBo macddnoH am obHulete, and ?4f>iiiid In relied 
upon entircdy. 

Mr. Marimid Baya that thiuM ia praeiituilly no lifmt to 
the diBtaiimiB iliroug!i widoh tlm oitHarm iviivob liiny hv mmi 
and roanivtak and h« Ihib i^ven now BtaniriHi jirrfrei nvHiiliB 
np to twenty iiiiloB, In lHim, Mr. Mnivoiii reji.»rlr*I the 
international yaahl raooH from a nldp to ilm liiiid, n liiBiiinre 
at ona time of cnmr itm miloB, ninl hm dt*Bjiiit.id'i**fi w.-rti 
tcdagniplmd to a nawapapar in Naw %"cirl* |iriiilt5ik nnd 
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distributed and sold on the streets, within an hour of the 
time of sending the messages from the ship at sea. Such 
results as these in the hands of a young, capable, and 
enthusiastic investigator, and backed by equally enthu- 
siustio capital, must surely produce wonderful results in 
the near future. 

It is true that all the receiving instruments which were 
similarly adjusted and which were within the same radius 
would bo similarly influenced, and all receive the same 
message very much as the eounders in an ordinary wire 
cirouit are now acduatod. The limitless variations of cur- 
rent whitdi can be ])roducod will, however, enable waves 
of dilTeront chara<iter to bo sent, and the instruments will 
be adjusted to respond to ililTcront forms of wave, so that 
eniih can be aetuaU'd as desired. Mr. Tesla believes that 
power can bo transmitted in this same manner from one 
high tower to another over thousands of miles of distance, 
even from Niagara Falls to the Kiffol Tower at Paris, 
Franco. 


SPACE TELEPHONY 

Public announcement has very recently been made that 
attompts to transmit speech by tolophouo through space, 
that is, without wires, have mot with such success as to 
Justify the belief that within the very near future speech 
will bo transmitted through space with as groat facility as 
telographio aignals by the Marconi system. 


ELECTRICITY ABOARD SHIP 
Wbilb many pooplo are aware, in a general way, that 
eleetrio lights are employed on board ships, very few 
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realizo tlio iinportaiuH^ of thin ta* what the eleetrio 

light huH for Hhiphuihlitig, iuhI nhip <^|H‘rating^ iu- 

(‘Juding alno nhip ooinf<»ri^ nhip luxttrv, iiud .‘^liip Hafetj. 

'"IMui writer lian long hi‘hl ila^ <»piiiio!i tliat if the im’aii- 
(leKtunit eleetrit*, la,mp had never had anv othi»r imefiil up. 
]di(%ati(Ui tluui the lighting <»f veaneln, it wouh! ha.vi* heefi 
eoutiicMl a HUcuaiHH, and ita invetitor ri'garded aa a pnhlia 
heiudaetor. 

For iiuuij long veara the oil rtniiii id a ve,si4id wan the 
dang<*r npot par exeelh*iH*cx It waa iiiliiiitoly wori4i\ m 
that rt'Hpeeg than powder magu/ane of a war veaMid. 
Of eotuw% U’hej'o a box id eainlli’H eovereil ihf^ illu- 

minatitig outfit, the vuhv wouhl ainiplix hut ji wmild ho 
another niatU*r, and a very aori * »uh laatler indeed, to tight 
one <d tlio largo nualinni atenin-jildpa l\v any «tl!ier iiieatm 
than inoainh'Hoinii eleetrie luntpH. luiagine lifein upon 

tint health iunt j^pirits of Htn'eral tinniaand per<MoiiH d nhsit 
up in a hug(^ iroii luilt hu* lioura at a tune- wnh aeveral 
thounaml naked lighiH. Kithi'r the paHHeni/*n‘M i»r iln^ ligliin 
wtnild Ijo Htifle-il anil gi> mit after u very ^hori pi'riod. It 
will ho Boon thondoro that the intnindeBeenl. fd*’f'trn’ Iniiip' 
has played a very largo lunl intjHirinni pnri in ilie develop-^ 
mfirit cd the oinirnioua floating hotida ihiii iio\v ihtj 

hig Beam in ovt»ry ilireotioii; ami this is inily mie fnititrti 
of the oiwo, the apjmreiitly ainipiii inntii^r id tlhiiiiiiuiliiui 
on ino reliant vobsoIh. 

Tlio iiiijioriiiiHiti of the olootriii light oii %fiir m 

inlinitoly greater. Kvery warship m pruviiied wiili euvtiita 
oiioratiiig lights ffir gonorid illuriuniiiioii ninl ft»r niider 

ordinary inrcutnstajna'a, ami oUht fimiil** hifiiw 

only for HHe whnn it i» lUwIml t« unvi^j'iilo tho a!ii|. 
popuiitting a Hingle my to bo vbibio from th«s ojtU’rior in 
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any direction. These last are called battle circuits; and 
tt i-liiji so c,<j^uippod can proceed with safety, knowing that 
no lights can he oven accidentally displayed so as to dis- 
close till) position of the ship to the enemy. But there are 
otlicr (uid furtluir usos wliich render the application of this 
form of power of tlio utmost importance. Every large 
steam vessel of tlio present day is provided with a great 
number of what arc called auxiliaries, that is, engines for 
performing work other than driving the vessel. These 
engines aro located in tlilToront positions, such as ash 
hoists, cargo hoists, stcoring engines, numerous ventilating 
fans, and the like, which, when operated by steam, neces- 
siwte the installation of long lines of steam pipe tbrough- 
out the ship. These pipes aro always liable to leak, and 
in warm weather overheat the spaces surrounding them 
HO ns to make them cither entirely uninhabitable or very 
\uieomforlahle. On board a ship there must be large spaces 
assigned to cargo and fuel, which spaces cannot be invaded 
by till) pbunber, as can one’s house, whenever a pipe hap- 
pens to leak. Therefore stoain pipes must be carried 
through those parts of the ship where they will be always 
aeeessible; namely, tho living rooms. Electric wires, on 
the Otlier hand, can be brought together iu any con- 
venient spot where they will bo accosaiblo, and without 
interfering with tho comfort of tho crew or passengers, 
bei-ausn they can be placed in positions altogether un- 
available for steam pipes. They are not liable to be 
fro/.en, imr do tliey give out any appreciable amount of 
lieat, nor do they dischurgo liquid of any kind under 
any cirmimstences. Consequently they offer an absolutely 
ideal method of transporting power about a ship, smoe 
they will allow of being bent, or even stretched to some 
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growing cluiiuu'H of oolliHioii with oiio of tho nuHlern flout- 
ing palaccB. But tho <laugor to tho lurgor vobhoI ia hy no 
nutuns amall, and aomo of tho moat nmgnifuH'iit atoaniahipa 
of thoir time have boon dostroyod in this way, ho that thoy 
too aro anxioua to avoid oolliaion, aa tlio riaka on latth 
aidoa aro too great to ho willingly taktui. 'I'iiankfiil iti- 
doed should both parties bo for any provision that makos 
their proHonco known in tiino to avort disaator. 

KLKCTKfClTY IN FACTORlbS 

In TirK application of olortrio pow«T to jui'idiunifal 
UBOH whoro work is to Ih^ pi'rb>rmod, and sU'iuljm'Ss «>f 
operation is desired, or whoro liio inachinos to bo driven 
are too heavy to 1 k» oporatod by hand or foot power, and 
hardly largo or nutnerous etu)Ugh to justify tho tsxjtenso 
of a steam engitio, a single ideotrio motor <tf small sixo 
meets all rotjuiremenls. This can be hu»I of the «'onslant 
speed typo, whiesh, with known comlitions of serviee, is 
not liable to the variatitms that give so mneh tronblo 
with the small steam engiim. Sueh motors are usually tm 
the day oirentit of an oloetrie lightijtg plant, and art! regu- 
larly inspootod and kept in order hy one «»f the eieelrieians 
connected tlierowith, so that the user is rmt reiinirwl to 
incur tho expense of an ailditiona! [lerson tt> look after 
the motor. In larger factories, the advajitage of using 
electrio motora is titjually manifest. llereU>f«»re, it has 
been tho plan in largo workshops u» instal a steam en- 
gine of sufReient power to operate all the miiehinery, 
motion Iming oommunioatoil therett* frttm long lines of 
shafting running in journals overhead and eoniitmtod liy 
belts to the engine. All Mack workshops are built with 
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rofcretuio to tlio connecting of these line-shafts, as they 
ure called, to the central engine. This can now be entirely 
(liHfK'HHcd •with and a luimber of motors employed to take 
it.H idaci'.. Tlui amount of po'wer necessary to turn all the 
sliafm in a ahop all the time is very great as compared 
to the woidc aetually perrormod upon the products of the 
siuip, and obviously, ■where but half the machines are in 
use, or in use only part of the time, there is a great waste 
of power in constantly running the shafting by which they 
lire ilrivmi. With electric motors the shafting is divided 
into sliortiT lengtliH and a small motor applied to each 
piece or to small groups of pieces of shafting, so that any 
desired shaft with its maehino can be operated while the 
i.tliers are not in Tise. This gives a distribution of power 
whitdi is exceedingly convenient, and, a supply of current 
being available, imuuuleseent lamps are often provided for 
the purpose of illuminating dark corners and for the still 
more important purpose of enahling the workmen to better 
sre the progr<‘SS of work upon the interiors of hollow 


t‘i UlHt 

In udtlition, hy the us(i of separate motors, machines and 
mael.im' tools <'im he bsmted with special reference to the 

of their operation and the moving of heavy 

pi-ecH of work to ami from them, or a machine requiring 
I-Xtra power can at any time be added, with its own sep- 
urute motor to drive it, without the difficulty and expense 
which would otherwise be incurred from being obliged to 
run spi'cial sbaftiug or iucreuso tbo strength of that already 


in . 

A further advantage of this system is that additions can 

be made to the buildings of a manufacturing establishment 
in any ilircelion that is most economical, and mnch gronn 
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mil be uH(*cl which w<mld not oiberwint^ bt* availabia, |>e. 
cauHc the nictom far power <‘un be pluccil wlicrt»vcT clu- 
Binulj all rcHtrictioiiiH <lue to line nhuftiiig iimt the locatiori 
of the central Htcani being rcmovi*tl. 

In tb .0 ojun’aiion t^f oiu' of the Inrgt^^^i c!ri*lric niiinu. 
fneturing cHtabliHbnHntiB, the (bnicni! Klcetrie W«n*krt at 
BcbcntH».iiulj, Nt*w V<trk, an «nH»rnnmH increase iii itn 
fiHiilitioH recently beeanu' mnn-BMary, <bie !i(»t «m!y to the 
great inereum^ iii iln^ ihnnami for ehniritaU appaniiitH, but 
iUho tlia tutn^h largtn* aiaen of tlu* genrrafora ic^w iiaetb nn 
that the original nliopH becann* quite inaileqiuile, an4 utbli- 
tional <mm of greater eapatniy bin! to bt' provi»bnl. Ttie 
Hteani engine by \vhn‘h the ntaelun<n*y wan at llrBt,. ciriven 
long agti I'rrovecl Uio hiuiiI!, lunl to supply ttie inereiiHing 
demaiul for power a power BtatioUi eqiupj»e4 with niter* 
nating-cnirrent giMn'ruiorH, whh eunHtruele*! ni Mt'-elianien 
Falla on tlie Mohawk .Uivtu*^ atune twt‘iiiyo4.% niib'a away. 
The gimeratorn there are <iperaie*l by water* wIh'cIb at the 
Falla, and the esurrent m tranainitted twenty niilei4 to 
the factory, wliere it m ^‘Hteppetl ilown** iuhI diBinbiiieil 
to the inotofB, moat of them <d the iilternniiiig etirreiil 
type, in diilerent parta of the wiirka ami by wliieli the 
inacihinary ia drivmn Many of the large r a pee i a! iiiiiehiitea 
are driven each by ita own aeparala motor entirely iiide- 
peiulent of tins oihera. 


ELECTRICITY IN THE ORERATIDN OF LAROB 
OFFICE BUILDINGS 

VlKY few of till) tinmny of inoderii iiHieii 
guoh m are found in Now York, Cliieiign, ,Hl. Iiotiii ninl 
similar cities, have any ooncopltoti of the imrl pliiyeil la 
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tlio daily economy of their office life by the electrical cur- 
rent. It Hconia very simple to utilize a dark comer by 
meariH of an electric light running all day, and also to 
enter a Hmooth and rapid elevator and leam that its mo- 
tive power is electricity, but that is only the beginning. 
In many of the modem office buildings the system of 
beating and the electric power plant are so combined that 
the Ht<‘am engine is employed only to operate dynamo- 
eleetne generators for the production of current, while the 
spent or mxhauHt steam is utilized to heat the building, for 
■wbieh piirpo.so it is, oven as a waste product, quite suffi- 
ciently liot to meet all requirements, except in the coldest 
weather, when a small proportion of fresh, live steam is 
added, d’liti I'leetrieity so generated operates motors to 
run llio clnvators, furnisho.s lights, and is also much used 
to drive ventilating and exhaust fans. In all of the large 
Imildinj'H the foundations are very deep, and the cellars 
usually (‘.xteiid two stories holowthe sidewalk. This space 
is nowadays completely filled with machinery, to which many 
<if the new buildings have recently added a small refrigerat- 
ing plant supplying ice water on every floor. When this 
is laimbinod with an artesian well, as is often the case, these 
buiblings are complete in themselves and dependent on out- 
side ('slahliHlimento for alaolutely nothing except coal. 

n'be modern hotel is similarly situated. Many of the 
newer ones are oipiippod with combined steam and elec- 
trical plants, which have lieen designed with the greatest 
poHsdde euro by engineers of the highest skill. These 
carry on the hiatvy work of the hotel in the most eco- 
iiomieid and reliable manner, and render the establish- 
luont os nearly independent of breakdowns or failure in. 
outside sources of supply as is possible. 
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SIGNALLING 

In (Jhaptkb XX. ^ um<uig tho vuricmn in»plieiiticniH of 
electricity^ one m nHnitiuiH^d in wliich uu linniiiieiutnr m 
the oflico of a liott'l in tnnnuH-.Unl with nil the 
BO that a hutton in eindi room willj wlnni jHiBlicd, drop 
a Hignal in the ollice iinlieiiting that the occupant cd thiit 
roonij the numher of whic.h in givtui, rin|uiri‘H uiiriitioii. 
Many of the large huiclH in tln^ Luiltnl StatcH are now 
etiuippcul with a Hynttun which liaa thnuccH jiluiani in the 
gucHt rooiuH that do cveuything luit think. Kiudi riHini i« 
provided with a dial npoii which ia a !noval»le pointer. 
Upon thin dial almcwt evtuy eonceividih..^ thing in printedj 
from a luittle <d ink to a bottle of ehaiiipnioen nml from 
the porter to get your Vmggage to the Imrher lodrcaHvanir 
hair. It doen imi Hcmn poBailde timt a gncal. no nmiicr 
how many Ida wantH, eunld poaBildy think of iinyifdng 
permiHBihle in Iuh rcmni that in not to tie found an thia 
wonderful lint. At the cdUee there in a aigna! htuint with 
the namea of all the artielen on the dialn in the gue,Hia^ 
rooms. The guest moves the pointer until it m opposilu 
the name of what he wants, then presses the liutioin Tlni 
numher of the room is first aigniilleil to the ofliee hy ilifi 
hutton ami then tlie pojnter, in moving luick If* tin 
poHition, acts upon the eirmiit am! iriinsniim ii sigiml that 
indicatoa on the hoard at the ofliee just what m riilled for. 
The name of tliii fippariitUH is tlie Ifer/,<*g TelatUiie. 


FlRIi PRO*rECTION 


Til® Bystein of eleotrio fire Htgniilii iilsii reft^rriMl to in 
Chapter XX, hm been very groaily iiii|iKivttd, iiitil liiurt 
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ii« iu>w {<‘r naUi a form of ooml acting cable which is used 
on |in>tf'clit>u signal circuits. This wire not only transmits 
burglar ulurin signals in the ordinary way by indicating 
niiv taiiijicring with the circuits, and so notifying the 
jM>licc <ir the vvntciiinnn, but thti cojnhustor is coinpos- 
ilc and a scnsilivo nialcrinl is employed so that in case 
tif a llr<’ in any room of the Vuiilding protected l)y this 
Hvcl' tii, a rinc in temperatnn' above a specified degree will 
turn in an alarm without breaking the circuit, one of the 
component purls «>f the cable acting as a thermostat, of 
wldcli llu’tc arc a gr.at number several to each room 
through which the circuit passes. 


pHODncriON IW Hld-CTHICITY BY NATURAL 
HORCliS 

Mn H has been said in a general way concerning the 
viwt ryt.'iil of the maurul Um^m which are neglected and 
allowed t.. go to waste all about US. Scientific men and 
u.vcstiguiors whime thoughts deal more with the future 
than will* »be present, renlissing this, have pointed out 
many luuiances m which work now accomplished by coal- 
prodm rd power c'«nild be much more wonomically per- 
formed l*y the utili»»ih»n of source# of power not now 
roi.-<idercd nyiolable. For instance, distant waterfalla, ao- 
euionSutions t»f cheap fuel in remote places, the ourrente 
of rapid rivers, the f.»rce of tim tides, and the heat of the 
sun. i'fie gicttieni sinss IS Hsnaily laid upon those forms 
which me most ililhcuU to hamllo and which would call 
for the expenditure of great sums of money. Neverthe- 
less. ih. prophets are right. Some of their predictions 
are already fuUUled. Many iimra td th«e things will come 
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to pans in tiinOj although tho oxptniHo will prohahly lit! too 
great for indivitlualn and will noooHHiiaUt oo-oporation t^r 
centralization of capital. At pnn^cuitj however, aiiiiph»r 
metliodrt are atill availahlo in plenty, ('"heap coal cnnlih^s 
the inannfac-turer to retain hia indiviiliiality ami to oprriito 
separately und HucaawfuUy in tnany jairlH td the «aniiitry, 
WIhto that in the ami Ho h»np: as that eoutiniit’a to ho 

the eases, existing eemditionH will prevuit, an ii genital thing. 
The) dineoveny of natural gas revolut soiiir.i»il teoinc in. 
duHtri<‘B loid utterly eduuigfal tlu^ ecindifion.M in fioino of 
our manufae’iuring cities, partieularl}^ in IhliHluirg, from 
whiedi phum the ilirt nml Hinok<% due to the enornt* m 
amtumiH of luitnniuouH eon! used in tln^ ireaimriii of iron 
ant] Steel, eliHappeairiHl eluring the rihgn id iiafiirid gan a 
fe^w years ngea Iliifemttuiaiedy the gas proved to he im.;i!ty 
an uecainmlatlon, and although in imim-ime ♦pianlslv, if, wan 
finally used eli»wn tlie nniurat supply, ^vhieh, W'lidii 
regular and eontimious, vtm far helow the deimiml to 
whiidi its grenet utdlty siud coiivenieut^e had gi\en rise. 
So the bitumiiHiUH eonl came hiiek ntunn. Nainnil gns, 
however, during its sliort hut hriUniiii eurei-r. esiahlodp^d 
a record tliat tlenHinHiraled the great aupeniuMiv nml reon* 
omy of fuel in Ihat ftiriii, ionl theru is n**d«eiiii, ilmp hikt- 
ing the system td pijutig whieh was spe«milh pul in nnd 
UHCil for tltc etuivtyanee of itaiurid giy4 im fn«’h ii is only 
a question cd time wfitm thomi pipes wilt he eoniieeird lo 
the ncmitiit supply of tdieap eimh from whieh rlieii|» gnji 
will \m produced, nnd llm smokeless age will f.i-ciin 
Therti would then h« no fnilure in iliti snpjdy id giuv its 
It would ho profltieiMl to acumnl with Ihii tlciitniiih fiiii! ihu 
hauling of inilliofis of Iona of coal will tMir-nnni iiiifutn*^ 
nmj. Niitumlly, tli© imilrc^ will ci|nii:^i %hm mm, Iml 
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m liil'ir lini«iiii^i#i |ir«»w^ in uihm ihtij ^jjf Iiih^ihiih 

lli-i’ liiiiMl miliit'iir Pii j»|M*rirrf4 «*f mwh ii jthiii, 

I luring tli«* li-iv y«nirrt iimu’Ii Ivm Ihuui ii.r‘i'tiiii|iliMinHi 

ill llu^ iitih/iitiMii «»l iiunot*i wiilrrliilb. Kviui nf mimll 

ijiiiiiiiiiy lint from ihr^ mvliiui* miima iii itm 

liiiiiiiiliiiiij^ aru uml }nj**n| fur tnilvn to ! hr iiuvr^'^l 

yoiiii siii4 llnu'r- ihr |i*nvrr m Immir*!. 

it t '4 rriiuirlu^tur h*-m wmIi^ ii riitii/ii nf !iv 4 ruti!ii‘ rofi* 
ilili«i|i,*i iim fmm-Trilnily iin'*t iiy roiiilniiiiiimifi i4 ihr wjilur- 
wli^i’l iiii4 ill*' In ihr W«rH| %%'»•> lunr Iirin’iii «if 

lllllnr of II-I fiHU’li m Ijpwi frri, ilrilUlig il.iijiiil.f 4 i^ Iflif*'i 4 i 4 

4iri'«4 »niiiip'ru^4 lo In ihr Kii.^l m-r^ iuivr 

Ilf fill Io%% im i*’n fi-.r.| «irr%uii|i intltitwn Wilii %-rrtirii,l filiiifm 

r'»iiiiirt'i«'’4 lo gr-i'irfiiloffi llifotiyli Inline griiriiig. At liio 

jirr'»«ml of irniV i'^grri ihlll 111 tili.l 

of iini iir-ii *yrmhm iiiimiI. «4 ilir^ gnuil rivrr#i 

Ilf t!p*« «'orl4 will \m tlfiiniipm aii4 will iliH* 

tfilHifr* io i4 iniif-iy liiUi-ti Aiiv w!ni 

ihr-fir. |*^rwrU'" «'||1 ]%0 i^lriirk liV liltl 

iitiij4i< ai% »4 liar nj'-yi'itiiim* nsrl llii’ griirriiiurji 

iir« ronfic 4 ^i«" 4 4ir*-*”ll> i*t llir miiirrwhrrl 

^Ii4 litilriin llif?- *#| li-iinBlnift-Jinni m ovrr, Hiiv, llflrrll 

tlliiltli, lln*' mifri infty i'-o|ni*'r |4' 4 4l|r^ llv lu lllis 

ftritliiiiiur«’'S !« f liiM-iiii# lfMlni.|liliii*|€*ii?i 4*1 liiit rr^L 

A't 4i«i4iio r «4 If ni«4 iln^ rlr*’'irio 

jif. |f? |iti%%r4^ ll»« j«f Iili4 «n ff |»r«’s4r3il oil* 

ir?i «. yuif*- |S*<‘ tr#.#r4 f«.ir*i*r> llir'i" iif r ih#’ ihwu) }\\U 
igl) *41 I 4 «ti 4 »ii 4 fr-iii 

oil lh« 4Ujic| 'I ||'|0 r |1^ j*,-- i . I thr Urtfll 

4»*« » r4«'»i<r* r|«r|f^*| 4 rli%r|r 4 lo I In* liun rnii* 

1*1 ll<^* |U 

»li*i ihr giifitci ||i« niiy »4 oil aI* 
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moBphcrio electricity and keeping in the electricity giiiicir- 
atod. So aucceBBful have thene lenaer attein|ttH hacii^ that 
linally the caj)ltal wan ohiainetl t<j tnicU^riakii thi^ diHicni!| 
and coBtly work of initting the tumndn aiul Intildiug the 
gre 4 it ganaratorn that woidd iiuikc it worth while to direct 
part of the watern of tlie Niagara iliver iit the Vmlh to 
the operaticni of water-wfuMda for driving dyinuiiri^t'h'cirid 
generatora to protluee (nirri*nt <d higli teiiHicni for eiiiiiiiitw- 
oial diBtrilmtion, for power lunl general purpoHca. Iliia 
haB now been fairly begun, lunl tip<»n tlic atnile which Biicli 
ft work deaeryeB. 


NIACiAHA FALLS 

The ntllimtion of tlio enormouH wattw^f-Hnyer wliioli for 
generatimiH haa g<ine to wuBte tivtw the FiiIIb of Ningarii 
haa for many ytmrn been the moat prominent iiini obvi^ma 
propoHitiori, and «me cd which it wiib |io{inliirIy expeetett 
that electrieiana would take advtintiig«' jiihI lei main iw tl 
could be done on a aafe (*oinniennal liiiaiM. Vm*y iiiitiiriilly 
tlie Falla of Niagiing binug an wtd! knowii* tiav«^ rn* 

furred to by every apenker ami every w^riter on llie 

and tliia natural urntrtm of |ifimnw hiia atwoned to 
embody all itn^ vimt {loBBibilitiea «d the tdeeirieiil triiiiii- 
iniaaion of power nt nomimi! ctiai, U ndoubieilly it wm 
much the moBt Bpectinmlar p«?,rforimiiit3e nf nnv ilml entilil 
be iittempiedi anti ni the aame time tme %vliti*li Wiiiilit liii* 
come niont rcitidily known to the worhl iit Inrgix Tii«! itork 
to be actufilly dorm in order to niiike ii to 

place mid opf»riit«i wiiter^wheela iit Hiiigiira* wii-« to ciil ii 
cmnii! or riirnmny iit one nide of llio river !« a jiitiitl Itiiliiw 
the tlic cfiiiiil being Jual krg© iiiiciiigli to tBiiiviiy ili# 
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doHirod amount of water. At the end of the canal a large, 
deep well culled the wheel pit, was sunk in solid rock, 
and at the bottom of this pit the turbine wheels are located. 
Till) pit is filled with water from the canal which can only 
escape downward through the wheels, thereby operating 
them, and the dynamos, one of which is connected to the 
upper end of each wheel shaft. These shafts extend up, 
tlirough the water in the wheel pit, to the power house 
above it in which the generators are located. From below 
the pit a tunnel had to be excavated, also in the solid 
rock, to carry off the water from the wheels, the mouth of 
the tunnel or waste-way being just above the ordinary 
level of the water in the Niagara River below the Falls. 
When, and in proportion as the gates of the turbine wheels 
are opened, the water from the wheel pit passes through 
them, imparting motion to their rotating parts, and es- 
caping thence downward into the tunnel, and out to the 
river. The head of water, often referred to, is the differ- 
ence between the level of the canal, taking the water from 
the upper part of the river above the Falls and the tunnel 
below the Fulls which discharges the water after it has 
gone through the wheels. The generators connected to the 
turbine wheels are of the alternating-current type and were 
at tho time of their installation actually the largest in the 
world, being calculated to and delivering regularly and 
steadily 5,IX)0 horsepower in the form of electrical current 
of high tonsion. 

The current from Niagara generators is supplying almost 
every kind of electrical industry. It is transformed into 
direct current at constant voltage and at variable voltage. 
It is transformed as alternating current to a low voltage, 
eithea' constant or variable, and to a high voltage for 
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tranHniiasion from two pliuntm in iliriHi pliii«af4, Hut mir- 
rtmt in umKl for ilovah^ping inorJouiioal pinvi^r wliirh ro- 
plaeoB Httuim cntginon, clotm iiuHrt’lliinofnw w^rk^ i^tic*ti «« 
lumtiog and wtdding, luul o{H‘raioH nirort raihviivrt. It m 
UEml for lighting atut ft>r <irtiiiiary hf^aiiuii:. lit ilio iitnf 
procoHBtm it in tiwul for ita tdootrolyiio iikmI hoiiting ollVftji 
Iltmtirig m jtroduc'od both hy dirool piiHUiigo «tf itio oiirriiit. 
through iuateriidH--HninotiiuoH in ItJjtiid, aoinrliiiH^B in f4iilid 
form— and by tho (dortrio. urn. 

Tho important rntt^rprmoB at Niugani nrt^ itr-w, mid iio 
cludo tho tnanufariurii n( rarborunditin unit rrrtain «diiuiii» 
cal«- Tho proorBHOH of prodnotiiui iiro iiiiiMiig iIiobo %i.ddidi 
olootrinity haa nnumtly givrn to tho Htoy nro !iirg« 

cmniiumarH of pownr, luid tlmir iHuiuimriniil j»rm’iir*abibiy do* 
porula upon ite cdmapmw. In ordinnry tiyuaifariiiriiig in- 
duHtrioB tfm o.oHt of powor in iiamn!! pro-imtitgo of th#,^ rirfit 
of matarial anti hdmr, mnl tha powar m mr4 only a i^iniill 
part of tlui day. In th<^ iinluHtrn^H at KingnrH iho omhI of 
power IB t!ia vitid idrinriit, iind wliiln im iJin O'no hand 
thair contimunm ofK‘ration makra ihiuii idmil nnHUminva of 
a water-power plant, on the other hmnl they Biginlieiint 
omeiii of the iidviuiee in imluBtrial iitetlioda wlmdi if4 nuitlii 
poBBifda hy almntliinl and eliimp ideelrie etirrmil, A duo 
gramrniitie niprentmtiititin nt the dif'Tereiit binitH of ilii-iinbio 
tion IB Been in Fig. Ihk 

The wt>rk already iieeomplifilied al Niiignrii Fnlm li 
Bttipendoim. There are now five fidM:'Miditiiwpower 

eoimiiintly in ojinriition, ©neli one ilriveii l»y n iie|iiiriii.e 
Wiitttr-wheel and cltdivering idterniitiiig etirmiy, j»iirl of 
whkdi m iwed in tfio immailiate ^leuiiiy, nin! jiurt netii 
over transniinBitin linaa whkdi iia yet enrry il only «« far 
aR Bufaloj twanty-niic itiilea wlierti il ia iratii- 
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fonuod, an HtaU‘dj in to c*um*nts of dilTorriil ac- 

<‘,ortling to ilio ust^ to \vhic*h it in to In* put, and diHiriliutml 
tlircHighoui iho city <n*cr li'diting ami iNovor firfiutH, Tim 
vuluo t)f cdicup jH>wcr an HUpjdi*’*! hy tin* Ncir:aru jdiiiii ia 
alnaicly ho fully aipprcaintcd tlial tli*’ rjipaniy *♦!' tlii^ phtiit 
in now hctng incrcancd by lltc' addiiiim t*f |f»,ooo In .r;irjHt\vi*r 
to tlumu’igina! 20^00(1 I'hc futuiH' of roifl.iln i ^ rriniiairti hh 
very brt|(ht in vi<‘W of this inibmitod and r^dwiblo HMim'o <»f 
power, whitdi in rrnted nt mirn, ao iha! a iiiafiufartiiri*r 
will know cxac^tly what it will cont liiin thi' srnr round, nml 
all the iron bli^, ilirt, duni, and ttinordcr allrmimo tin* luml- 
ing of c.oal through the ntreetH, itn <lidi\i’r\. alt*ni|.ri% nml 
liandling, in avoided. Sundy it cannot bt^ long m ilyii nity 
before ehuitriu lumting and cooking are iiddi*d giuicrally to 
tlio lint of itH applicaiiotiH. 

A Himilar wo-rk ia being carrird mi on th*’ (*aiia«liiin fHiiIu 
of the Falln, and the mljaeent citmH in t‘una«hi wilt par* 
ticij>aU) in the advaningti. Hh<ovu !y Aimuinus idall ami cm 
terprim) to bo in evtuy way HUrce-H.^ful, It ih ludv a i|iii*Htniu 
of time wlien the eurrmitH generated in Xiaeani halLH will 
rtmtdi further points, nneh m I{t»eheHier nnd Su'aeiifie, imd 
doubitcHH Albany and New Y<»rk. Ah we havr creu, ii ih 
pOHBjble to Hiep up, nuHo the leiiHioii of, lln^ eurrriit, ii biung 
of alternating eharueter, l»y ei»nverf«u*H plie'rd ihe hue, 

and traimform it current of atill higher peieiiiink if’ iii’c-* 
esHary, in order to eiialde it to triiverne imiiiv iiM«re milei 
of ecmdttcitora withiiiit toceimaive h»Hi4 or the eiupluymeni nf 
condueiori of too gnmt mm. At preamit, iHocrver,. ilirre 
ntanda in tlio way of thin extreme longy diHiaiie*' ir.iiiniiiifi- 
Hion, Niagfini to New Y«»rk C-iiy, ihe aieuiii riigoii’ pliiiiiii 
in operatiorn Tfie eleetrbal induHlry luimi grow iii.mew'liiil 
slowly in ite applicuition to new faeUiriea iiiid iiiiudiiiie ii|iti|ii 
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until iti rccifiriiiiy nf fiptTuin^u rrm-lirg n pciiiit which will 
jimtify iiniiitifiiiaiirt^rH iii ilmi^urdini^ ihinr jireHeitl engines 
Iiiicl jiiirrliii.Hiug rhvirje iia#iti>rs tiike tli«*ir jiliicim iHir- 
iiig the inmi knv srnm iiuuiy widerfiills Imvti been titilizc«l 
in ilie f4iiiii«’ uuitmvr tm ihv Fulls iil Niiigiirii, jiurticiilfirlj 
ihm 0 prigiiyituig ui th*^ wihl iumI nltmmi iiiitrctwilile gnrges 
c»f the lii»«^kY ill*' wilier friiin ilia iiHiltiiig 

siiiiws isanlliniiMl iiih! hrmighi by liirga iiint iiiifnatifialy titrcing 
iiaal lr» jNiiiiifi wl'irra the grafilaiii {snfar aim ba rent* 
ihari’friaii. In ibesa vnnvn the mijijily is priiatiaiillj 
aiitislJiiii, but iha i|iiiiiitity smiill, Tlia litiwaaari 

is liigli, Hiet by pipiiig iln^ wjilrf In ihil linvasi iiviiiliibli 
IIII aiiiiriiHinw la'int m tannirrA, mh ibnt ii snifill ntnm. 
lily ef wiiliT iir*v‘rb*pii iiM airurmuiis |■ll:lwar whan imatl Ui 
iipariila %f ai«^r' wliaab «»r iniyinrs iif sprainl rinminwlmu 
Thesis i%’al.ar migiiiaK ura rminaalaii In ttltiAriiiiiirignnirraiil 
gaiif*nil4*rf«, w'hirh »l*’hvf-r rnrrt^nts i.if vvry liigit 
tiiiit ti«t greni ii# Imig linai* w}iara!»y ilni aiirraiit ii 

lriiii.?iii»ilir4 iiiiifiy iiiilas lo nthghbnrilig iiiW!ts, iiiiiias, 
wlirra il III tim'd h*r biUlling, bghiirig, linisliiig^ «|»ariilllig 
knijiiiiluiig jihiiiif*. wii4 nmiiy nitirf iiitlnstrirs* iiinslly iiaW| 
utitl inmny nl iliaui pn-iriitnilly uni iif raiiali iif |}ia tir*liiiiiry 

nlfMlii nil Arruimi uf |}itj iliflirttlly iiml tif jifCH 

aiiriii|i fiit-l 

in'.piiflitiii iieiiiilii Ilf II faw cif ili« liirger loiigelii* 

lllfieii Ii iiiiftiiunfiiMii Will be fiitlli*! ill llni fiiihiWlllg 

|»i4riiriiiphs* ttiiil if urn ihrm ilul# ii fair biaii riiii Im iilitaiiiiici 
Ilf tL« r\irui In wbieli ibis braiia!i iif ifiii firl liftj sirtmtlj 
tifrii fbn » iiimI ill ilia siiitia liiiiti alsn iif |li# iliigri# 

Ilf |rtibiiir:i| skill in jikn uial tn atmilitiit wliitih lin 

by I be ab^’lrieul tif ilia 

lliara plAiila rturmmmi m gri’al 4ra! ui ftatiiil teiin^iitirii riiili| 
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which would not have been forthcoming iiiilegH tha iiliilitj 
of tlicKMo in charges U> HtuauwfuIIy carry o-iit the varioui 
plariB had been Hufliaiantly dmutmatruiail. 

The Big Cottonwood Plant (Ptah) horBi*|iowar in do- 
volopcd from a waia.rfall in tin* llig C’oitunwood Pnlloi^ 
which, ia piped to tlu^ power lumac ami iiHcd i<i drive bmr 
dOO-horHcpowtn** IhdUm whetda each directly to 

one 45()»kilowatt triphana altornating ourrtmt gfOiariiior, 
giving current at 2j0tH) voltn, lU) cyidt*^ per aecond. lliia 
currant in raimnl by att^poip traiiHfonm'ra^ iit iIh* lo 

II prcHBura of vedtn, and ia than wuit oviU‘ lha triina* 

iniHHion line fourtaaii iiuIch to a Hul^aliition at Salt Lake 
City. At the aub-atatioii tha praaaura m radtin^rf by atop* 
down trnnafonnarH to 2dHHI volia, at which |iraB?mra it m 
BuppUad to the iacoruliiry ayakun invituiduu.^ iiboui the city, 
iu which it in furtliar rialucad for dMim'.Htu’ by local 
trarmformara^ an may In.' rmpurad. 

Ogdan (Bidt I.jakc City) Plant. A «!aia acroi4H ibo CIg* 
(1cm Elver, mx or aavim iiiilca friun tigd«m, proviilci4 a 
large storage rcBarvoir, tha wamr fnnn whndi lii 
through a flume to the power lumm^ live iidlr#i dii4iaiiL 
The himd at the pt.iwiir Itouae in 4bii nnd lh«? iltimci 
emu convey iuifrud.imt wmU?r to dtiv«dop iiboui Iiijmmi Ii*iri4e. 
power. Five TbO-kilowiitt (lemu'al K!**«’tric nf 

the tripliiwa alterniitingo'urrfml type are now m 
each driven liy a Kniglit watar^whmd of l/iiMi linri^cjiuwiir 
directly ciciriiieotail HtepHip triiindtirincrK riiiMo the vtilingo 
11, liH) Volin iiitd dab ver iHirnml lo lha liiim4iiii^fo»oi lino 
attending ihirty-«iK iiiilea iu Suit Laki^ ihly. Af S 4 ]l Lnlit 
City Ktc^polown triiiiBformera redurc the prei^imre to 

voltn, iit wliich it m ilklrilmied in i|»f niy fmpjdy 
ay«ttiiii The irfiniuiiiBidoit line in llik ei«4i rummtn id tivii 
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circAiits each, comprising three hare copper wires, supported 
tipon porcelain insulators carried by a pole line. These two 
circuits have been experimentally connected so as to make 
one circuit of seventy-three miles; also the pressure was 
stepped up to 80,000 volts, and at this very high potential 
1,(KK) horst'power was transmitted over this seventy-three 
mile <'irc.uit with a loss of only 9 per cent of the current on 
the wires and 4 per cent in the transformers. This exceed- 
ingly intenwting and important demonstration shows what 
can he doiuj when the necessity arises. Of course, when 
this expt^riment was made the insulation was at its best, 
t!m weatlu^r line and the air dry; these perfect results 
prohahly could not have been secured during a rain 
Hti trill. Tlu'reforo, for continuous operation at such a 
pressure, 80,0lK) volte, extra precautions would have to 
he talicn and special insulators would have to be placed 
all over the line in order to prevent such a breakdown as 
won hi he caused by the current escaping from the line to 
the earth. 

Portland, Oregon. The transmission plant supplying 
this city is located twelve miles away, aud is designed for 
an ultimaUi eapaeity of 12, (KK) horsepower, of which 4,000 
is Jiow in use. Current is generated in largo General Elec- 
tric triphaso generators by direct-connected Victor turbine 
wheels of fi(K) horsepower each, the current being sent to 
the transmission line at a pressure of 6,000 volts. This cur- 
rent is Bteppcid down at tho receiving sub- station at Portland 
to I,(MK) volte for delivery to the secondary system, from 
which it is supplied to consumers. Part of it is also sent 
through rotary transformers and thereby converted Into con- 
tirtuoua ourrtmt of m horsepower pressure for use in the 
street railway system 
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St Anthonjts Falln, Fruin flu* |Hi\rr^r Itiiiiiie 

located at thin poiot circuitH rim tt» lliriH’ twu in 

MinncapoliH and one in St Panl, tlio du^iiuioc niii|..^iiig frofn 
two to ten inilcm, Tln^ watcr>‘Whiad jdiiiit rMiiMiHiH nf im inr. 
bine wheelH of horHo|H>wor emdi. Clf wt’Voii uro 

direct-conne<*.ted to Hevon iiankilowiill irijduc-^i’ ulivnmU^m, 
furniHlunf( c.urnnit at tb’loi) vtdtn; the rcfiiiiiiiing ihroti drive 
tliroo 750 dir<‘ctHUU*rcnt gtnao'nttn'H fnriiKdiiof^ ^•ll^rl*rli at iMifl 
voltB. The enrient fri>m tliom' mn-rnil g*-nvrnl*n'n in nvui in 
tlio Bub-Htationa, jiart in tin? furin cd I'lirnnit innl 

])art in the form of dir«H*t cnrroiit, the Iniirr boing iiiiini fur 
the Btrcet railway HynteniH of the two 4nlir*f4. lUid iho furinifr, 
the alternating enrrent^, being atrpjird diavji 1*1 lOijijdr the 
lighting HyatinnH. 

California hiw at the proBeni linn* nrvrml Inrgo iiiiiinlln. 
tionB, among whitdi may bo montnoo'd jdiiniM m thv Ulim 
LalvOB, wliieh lutinpriBo throe Toir hnrnojHovrr wlirola 

undisr a head of IpHi) foot, oporaiing a hlo* iiiiinbor td '151,1 
kilowatt Stanlt^ dijiluiBo induot«»r |5ononiii»rii ilolivining 
rent to tlie tranamianiim lino nt v*dii4 and iiii 

oyedea |)or Boeoml Thm pri’BBuro m numHl by irirji ii|* ir-mii. 
formerB to ’The lino la iliirly -111110 iuiir’,r4 hnigi 

extending from th« power hcnim* to tho Chty nf 

Folnom, Californiii. ^rida hm four pnim uf BCf 

McCormaelc turbine wdteolB, 1|2<WI h«iri*«*pf.ii?i’r rnoh, 
to 760-kilowatt (ioiiorfil .Kloeirtti throo-jilm^o grti«vriiif,irii, 
ing current of 00 eyelea tit BiM) vcdiii. Thia inirrt^ni 

up at the Btation to lljCKRI voltB, iiml mml inii ni ilmi jirtti- 
aura over the traniiriiimion, Hmi from Fidaoni in 
a dintanee of iibcmt tweiitydimr Tin* rim^idving inlt. 

sUition at Baeraiiuinlo in proviikd with triifii4f*iririifr,.ti 4«- 
Bignod to step down the eurrenl wid i|ivit,|i,.i| initi ihroti 





mi 

limlii, «*ii« f*’** Ughim^, f<'»r ri«** tmum\iv t‘H*\ 

Iiii4 lli*’ tiur4 for nrt'uil.^ r^"»|uiri-?5i^ r-iirrf*iii ^4 ini^h Unmiim, 
Frt’fiii«», I *nl if*»rtiiii, wu 3S’4 i% j»Fiiii iliirt^ 

liWjiv isi V* niMl*'’r i% }h .i 4 

frrf. Ilf II «4 ri4i^^n m bn :'i nfi- i 4 |.rt ^*4 i 

riir li ilirr«'lH' I'< ililH'i’loii i*» ii lir-iirriil Kb^rlfir ibrr^^ | !!),risi 

gf'iifriilor. tn ?itr rtl ili,, 

Ii!i4 f'M’lil r*V#5r ill*’? hi lit a g-rr,»?’*i| fri nf 

■Vulitt, 111 lli«" m%- i' rra^rui ihs,?! ■* rirr*-!rl in 

lliiwil lo gfr«^i\4rrti Us ibi" *U|4r' III IuuH«*ii|^ 

wlint^li iiibo% :fi 1*1 II 4SM, nl 4ialrila.|iu.»,fi fiii4 r«*rrr!i|.«iii 4 iiig 

to II iri|4f:i 4uiiril»iiiaig wiih nmliiyu nii*! lugli 

Iriifurui t«o|tiy<^-4. 

Ht4«uia* I# ftug|4ir4 fr^uii m }p»iiii::i!'? hImiiiI 

k’li inib'P 11^1 ay ♦ w n 4 €n'fU**jw 4 by 

ftlk'f s^silor-# oj^cifak‘4 hy llw? Aiiifuii'aii itif» 
|i|li«'’ Itbr'i:-!# 'I’lsrj r'.uff'rt^l m li|» al ibif j»siWr»r .«lll* 

tlOll l«* lulia. Ml r-f Ii 4 <* lll|l5s«Ull4fUl2nUi Ilia*'''* 1*1 Illl 4 

il#■j^|»r^4 4 o«'li III nuh^ , III list# 2iuv!ii5,‘!'U g.-ifily 

tiirMiigii f’«i|4iry r-rui^'rui^sft^ '» i-i rohi <s'^4’]4y tiu'? i-ubway 

ilnkUii, iiii4 I ;U4Mf ^ wli.'i'U ?in|u4Y 

iniirml ki iliP i^f4a4»a>#y ^ *4 iIm' lit 

Ibia, lift III ftnirual ibjr- 4 ■i*ffra;^| i» r,ftr-4 4lfr-r|.>, 1 ^ 

l<lafr ii4niu4*'«' «‘kt at* bg t«|ji ^ iiU'll af4' l'r'>|li;Efr4 

|?ru,g J-t ‘*411* Cil hy :»#*■ grU,.rfalof‘^ 4fr*r‘SI 

ilk'! luit Uig i-siticiil iu-A**n'm al liui ui 

1 ^* % I \. Irft.t'.l’l; j w' 

l.rril ^ Mil ;t|f Iir|4'4 fi M 4 

*■’ mI y <»%rf m iuae 4".gbt sujM'a 

i»i ibr. % «4 tji4c4 |i,r t u f< i4 i# 

i 4 mwii |««f 4s»l#ib”al 14;*'’ « ,t\ 4 llli 

iL*ki04 ^ ml.rx ,4 i 
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power, connactat! cliraatly to Stanley diiipliiwa ganiiriitorii of 
6(X) kilowatt ciipacnty, and wliieh, in vmw of tlio. aonij'inra* 
tively «lu)rt di«tam*.a of dolivar tlia 

ctirreiit dirc'ct to the lino at volta, tliiiH iivoidiitg tlio 

loBH ineidant to tlia oho of the atopoip triiriHfuriiirr, whioh 
thongh umall m wortli saving. 

Tlio city of Montraa!, Canada, ia anpplitHl frion mt idt*a- 
trio.iU p(nvar plant at Cnuunldy, aixtoon mid otiodialf inileg 
away on tlie Hicdudiou Hivor, In thin plnnl lh<' ourrmil m 
gernwatiMl at a jiiwanra <d volta with till oy«d«‘a pur 

saiKind, whicdi m Hont dirootly to tho trnnHiiiiBBion lino mid 
in Hteppad down at tho roooiviiig end in Montrinil for oily 
diatnlnition. This is |Hirhaps tho highosl pr»loniiiil at %f liioli 
cn front is now genoraUid, and it m ttilorosiiiig to know that 
12dHH) "Volts cliroet from tha miuihimi t4i tho irmismi^iBioii 
lino, withont tho aid sk^p-U{> trmmUmiwm, is imi oiily a 
posHibility, Imt an tn*oryday oprutivo arriiiigonioiii. 

It hiiH long boon proposed to use thf^ mmnnwv^ form pro«» 
enfc in the rise and fall of tha lidos to prodnoo pottn^r ihrongh 
a Hwitalde iipparatns, and this is mnlouliUnlly priioiitiil, Imt 
other and more! eon von ion t riiaans, sindi ns Ihosn jiist re- 
ferred to, will bii utilivsnl to thair fullost oxtoni boforo this 
method is iiviiiled of, Ixamnsn slnmitis of wiiior nrit iiitirn 
aiiBily eontrolled iirnl luimlliHl than tidal witlnrs, mini iii 
i.mioh loss eosi Ftirthorinoro, tha liiibihly of tliitiingo by 
storms must always bo taken inki oorisifleriiitoii in miriiiots- 
timi with tidal imuihiiifiry. 

Last of all cmines the power nt tliii sitin T!iti Iniitiiiii 
mind can only imiigitm of what that is oiipnble, bill wn 
mnst find onr wiij llirough many Ini^ diirtiig Iw- 

fori! wo lire prapiirad to avail cmrwilvas of thin ilm gfimtosl 
of all the forcias known to man, (ir«it syalenii of atoriigo 
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of cnorgy will be required in order to have a reliable and 
BunUiidiit (quantity of sun-power in. some form always avail- 
uhlii 80 that tlio desired work may be performed by night as 
well as by day, and whether the sun shines or not. There 
will lit! ('xia^ptions, as in those instances in which sunshine 
and work go togc.tln'.r, for example, in harvesting, and some 
otluir ugrnndtural (>perationa. 

It is int, (‘resting to know that currents of rapid streams 
have liei'n adapted to industrial purposes. Forty years ago 
the wrib^r saw the Iloating mills on the Danube. These are 
house boats aue.hored in the stream and provided with a 
large paddle-wheel at otio side to the axle of which the 
simple form of mechanism for oj)erating the well-known 
millstones is connected, precisely as in the old-fashioned 
country mill, the power being supplied by the action of 
the current on the paddles of the wheel at practically no 
expense whatever. The grain to bo ground and the re- 
Kultiint product is conveyed between the shore and the 
mills ill boats. 

With biluminoiiH coal all of it is used, both lump and 
slack, the dilTercnl varieties being suited to particular pur- 
poses. 'I’lie entire product of many mines is transformed 
into coke on the spot and sent to market in that form. 
'Hus eoko is far richer in carbon than is ordinary gas 
lumsu coke, and is particularly desirable for use in smelt- 
ing furnaces, since it produces a greater heat than can be 
tdiiained from the coal. With anthracite coal, however, 
tho case is somewhat ditrerent. This variety is always 
Hciit to murki-t in tlio form of lumps, largo or small, but 
free from du.st or slack, and this is necessary in ordinary 
use, beeituse of tho amount of air needed for the combus- 
tion of anthnieito and tlie dillorenco in the methods of 
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firing. Tu tho anthnicito coal regions, therefore, tlu're 
luive acininiulatcd enormoua pilca of 'wlmt ia chIUmI c.nlm 
(slack) which ooinprisii tlio finer particles broken from tho 
largo lumps as they nro run through the eru.sher in (urder to 
rodue.o them to marketablo aim Tln'se culm piles eontuin 
millions of tons of gcmcl fuel which will, umiouhtedly, Ihi 
ulilizeil in tho not far distant future in the protluiUmii <if 
©loctricity and (dump gas, hut eleetrieilv wdl eoine liffil, he- 
cause it stands first and foremost among all the diseoveries 
of man in its cajmeily of being transmitted, or, in otimr 
words, in its capaeity h>r aeting as a vehieUs to transport 
power over long distatuu's with llm least known tt>ss. 

There itt, as yet, no other way of lransjH»rting a thousand 
'horHepow<ir a hundred miles and having any mmsitlerahlo 
portion of it at the other tnul. You might tumipress air inU> 
vessels and transjiort them, but tho eost of trnusporting iho 
voHHols ill any known way would consume tho vnltio of tho 
power. You e-ould lay a pipe and foroo gas ihrouglt it, hut, 
unlike (sUsetrienty, iifk?r having produeed tho gas, you would 
have to furnish powerful pumps in order to propel it (tho 
gas) through tho pipe. 'I'lio eost of this wmiltl absorb much 
of tho value of tho gas and there would also be great loss 
from condensation. So that in eonsidoring tho applieniion 
of distant sources of power to great works iiinl opomlums, 
electricity furnishes tho only practicable moans yet neitmlly 
tested, and tho cost of whudi ami the riuulitions umlcr 
which it oan bo applied are definitely known. 

GAS HNGINE-DRIVKN bkhCTKlC tJENEHATOKS 

Foil many years engines o|Ktrated by the explosion of 
oomjiressed charges of illuminating gas mixed with air 
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have himi cmployod to meet special conditions, but for a 
long time tlu^j wore regarded as expensive luxuries only to 
bo UBcul under very exceptional circumstances. The Otto 
engine in the best known of the earlier types, and many thou- 
HundH of are in uac. Tor years, however, it has been 

aert‘picHl as a fact tlnat the gas engine was restricted to small 
ami that, therefore, it was not practicable to construct 
it in a manmn' Biudi as would adapt it to large installations 
and tiev«*hn> the greatest possible economy of operation and 
niiiinttuiam‘o. 

‘’iMio iuigine department of the Westinghouse Manufac- 
turing (huupauy, of Pittsburg, believing differently, has 
di‘voteii a great tloal of time and money to the development 
<d this HpiHUes of engine and to the construction of larger 
sizes, Ht> that they have, at the present time, several 650- 
liorsepower gas engines in operation, one of which has 
Imen runtting two years. This company is also, at the 
pri'Stud timi', i^ngaged in constructing two of a series of gas 
engineH «d l.hiH) horsepower each, all to be employed in 
driving eleetrit', generators. Mr. Westinghouse is author- 
ity ftir the statement that ‘‘the advantages of the use of 
gim engines ran be bt^st appreciated when it is understood 
tlya if a gas ecmipuny were to supplant the present gas il- 
liiiiiinalion by an tH|ual amount of electric light, obtained 
frniii giiH driven dyniunos, it would have left for sale, for 
olle'f ptirptises, civer CIO par cent of its prosent gas output.” 
It ill fiirilier iinnouneed that by the use of producer gas, that 
if4, a fuel gtiti much cdieaper than that made for illuminating 
ft horsepower can be developed in a gas en- 
gine III the rate one pound of coal per horsepower per 
liitiir. Very few steam plants can be operated on double 
Ihiii nuiiiitiiy. 
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In talcing up the varioua motiioda of producing current 
for general difitrii)ntion and ubo, the moat important coiiaid- 
eration is, how can it Iks dislivored within thts dcKirtsd terri- 
toiy at the lowoat tsost? Ksusl, both f(sr heating, operating 
steam hoilora and in tins arts will sindostbtedly be used in 
the form of coal for a long time to conus, but that which ia 
transported over any considerable distance will bo only the 
very best. The new methods of transmitting powt'r will 
very soon make it unprolitahlo to transpfsrt ohcupisr grud»*s. 
The utiliKution of tins lower grades of enul, li> whieh may 
he added the many million tons nc»w elasseil ns refuse, of 
no commercial value, indicates the <»i»portunity for an 
enormous industrial economy. This low g«-!ide fuel will 
yield a much larger proptsrtion of gas than its vsilue as 
fuel would indicate, and that gas would be as gi«nl as any 
for the operation of large gas engines. It iimy be that such 
engines, combined with large {lynanio-eleetrit) generators, 
will afford the means for converting this maUu-iu! into e!««- 
tfioity for lighting and heating whole cities, within a radius 
of a hundred or more miles. Furthermore, as we have seen, 
gas is a much more convenient fuel than coal of any ktml. 
Largo quantities of it could readily ho transjwrted over hmg 
distances if accumulated in hohlers under BiirtUnent pressure 
to ovorcorao the friction of the pipes, and eitii’S eonld Iw 
supplied in this way at a greatly redimed cost. More gas is 
used to-day than lieforo the olootric light was inlnMlueed. 
The general illumination is Imtter. In the opinion of the 
writer, electric lighting will increase sk'adily and gas lighf. 
ing will decrease, but the gas will not disappt'ar; it will Isi 
used in steadily inorewiing quantity. The things that will 
disappear are the eim! cart, thoo<»I hole and the eoal-dnnl 
furnace for domestic heating. The two former will bccom* 
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and tho hot-air furnace, as we understand it to- 
day, l>'> Hujij'lauU'd hy the 8im])le8t kind of a sheet-iron 
lufiit ^rt'iu'rator oprraUal by a gas fiame and actually ca- 
pable of the uiitoitmtic rt^gulat.ion 8o often sighed for, hut 
apparently nmittainablo with solid fuel. 


HLldirHlCllTY DIRKCT FROM HEAT 

Thk nltiiiiate production of (dcetric current direct from 
that IK. from heat pr«duc<‘(l by the uoimuinption of 
{tie!, baa lu'eti for yeurH tlic dream of the electrician and 
bil l ...■. upird v>TV iiiueli the suinc po-nititm electrically as 
bio* tiie pbtin.nipber'.** HUme by which bsiHc metalH were to 
b,> to eobl. 'rriiiy any thing that Would transform 

fuul nil. I . b-i-irie eiirn iil without the intervention of ma- 
rtiiiKTv, ill'’ utiHin boiler. .Hti'iiiii engine and dynamo-elec- 
irn- I'l-nr-niltir at [tre:*<-nl iieei-Hsary, would be of eipral value 
ii, binn.iiuty. providod tin.'* eoiild be Hoeomplished in asimplo 
wiiv .'iMiui' pr< igreHt*. lii*wev<T, hiiH been made in this diroc- 
liMii. iiioi whili' lb*' remtliH are not yet «ueh aa to onahlo this 
ni.'ib.id .d >'«-iii r!ii ■■•11 t.i eonijKite eonimeroially with the dy- 
muiH* rliTti .e t>rn< rat- •rand its driving engine, thojundoubt- 
o.iiv i<' budi.-r things and nniHt wirvo to very greatly 

t’lu'oiirag*’ iboif difteovererH. 

Miuiine with ilm known fiu't that when a lodcatono or a 
niaenoti •”) heated to reducHH it lost its mag- 

ti.-iinm. 111 li. tiore, in IHCIH, sueecoded in generating a 
rntn'ii! in a « <•'! "f by the alb^niate heating afid oool- 

u.g .,i n n.ugn. i phuw«l in induotive proximity thereto. Dr. 
t; i. app .Mit.iH cnHist.-d in a eoil of copjier wire through 
... ... iii.^sod an iron wire which was kept 
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magnetized by cH)!itaet with n iwrmmmul the ar- 

rangement being Hueh ihut the ir«nt win^ Ummnl ii eure fiir 
the coil of coppe.r win*. 'I'he tnni beiiig lieiittni nmt 

cooled, its magiieiism rose and fell, and enrreiit wii^ 
rcsponditigly gen<*rate<t in tlui HniTinuiiiiiig vml nf e.i»p|irr 
wire. Numerous oilu.‘r expmuittmtts have lnH,ni iiiiitii% nil 
of which pnnn^ that a magm^t «*npHble t*f ivxeiUiig loirrml 
in a surrounding <ntil t»f e<»pper wiri* wtMilij |i*» dfuiyigiirl- 
ized by the applitmii«m of heat. Ilie gn^at i|iii%»4t4«ui, ImW" 
ever, was, and is, Imw to aij»p!y this heiii in siieh ii wiiy im 
to produce a Hutlieienily mpitl ehang*^ *4 fiuupiuiitiire to 
generate current iuiougii in tlie eod nf wire |.i» be of miy 
service. 

About tlie year 1 Hh 7, Mr, Thotiiiis A, iiilroiliiruftl 

his pyro-magnetie motor, hi this iiinehiiii* the arinaiiire in 
bo acted upon was eiuistrueit»d in the fnim $4 a r«iiiiiii}4e 
bundle of small tubers of thin iron, whieh w*o‘e jdiieed br- 
tween the poles of a large magnet. Highly io’aled iiir wiui 
thou passed through part of these tubes, while j.iart <4 iheiii 
were kept cool This tmusetl the magneiisni ii* be sirimgrr 
in the cool parts of tlm armature than in llo^ Itiglily henied 
parts, so that, instead Htainling still beiwnnui the iiMirfi 
of its lUdd magnet, it (the bumtle u( tubes) mm 
between them, 

A motor embodying this |iriiiei|4ts wiis mirisinir’iinl 
weighing about 1,500 pounds luul eitUnihitett lit .levrh^ji 
about three horsepower. This motor 
fully, but notwithstanding the eorreelness fd I hr ihf^iirj 
it has not yet been aseertainiiil how In overeoine ilir iyi 
chanical difficulties sufiknently to bring this iitindiiiie wiihiii 
the iield of tH>inpetitian with tho dyiiiiiinrideetrni im*hH‘ in 
its present state of jierfeetiuu* Tlio iroiildi* srriiii'? to bt* 
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tUftt tui<Uir »H> circumalancos can the tubes of the armature 
1 k> In-Utod luul cooled often enough to make the discovery 
valtiable. Mr. Kdisou finds that 120 times per minute is 
the limit, uiul this is not rapid enough for commercial 
Horv iec. 

Some three years ago, during 1896 and 1897, Mr. Harry 
Barringer C'ox engaged largely in the manufacture of a 
thermo-ideetrie generator which was put upon the market 
for domestie nw', heing calculated for operation by an 
ordinary gas jet. By this moans current could be gen- 
erated in the house for domestio use, as for operating a 
fan of sewing imtehitie motor. It was planned also to 
operalo ineundeseeiit lights, although, already having the 
gas in tlie imiise, it was very unlikely that any one would 
eari' to instill an eleetrie lighl generating apparatus to be 
operated by menus of the gas when they could use the gas 
jiiri i'i for the produetion of light However, the apparatus 
pfiulnectl i*v Mr. t'ox was in a small and convenient form, 
atn! 'A-mld midonbtedly produce current direct from the ap- 
plieauon of heal. 'I’h is apparatus contained a thermo-pile; 
thn! iH to say, two iliirereiit metals were combined so that 
when one of llie. joints between them was subjected to heat 
nil elfftiu'. i-urreiil was generated lietwcen them. The po- 
t.miiai of eurrents of this tbaoription has always been very 
low, 1*»11 in the ease of the Cox generator it is understood 
limt llo- meehiuin al dilVunilties are great, although the prob- 
nbuiiK ‘1 nr.' that they could have been completely overcome 
had there been a sulUcit-nt demand for such an apparatus. 

Another notable nwent achievement in this line was 
that of Hr. VV W. jaeques, of Boston, who, about the 
s-iiiio inne, Ih',!", produiMid his thermo-carbon cell, in which 
bv the lombustiou of carlion, in the presence of a stoong 
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alkaline sohition luul a (uirrcnit of air^ a mirreiit of 
tricitj ia act np. 

Ilia apparatna, aa onilnxlitnl in a patent, etinniati^ nf a 
closed furnacOj whicli heats an iron ptii about six irielies 
in (liiunetcr and two feet thn^p, which is tilied with tniiistie 
potash or soda, the alkali biung kept in ii nndtecl bj 

the application of heat, fn this niclteil alkali is susjieinteil 
a rod three inehes in tliaineter anti twenty iindies long, 
made of coal eompn^sscnl into sticks of the abovi? iiint 
baked so as to expel the inchuletl gases, 'ribs forms mii! 
plate or electrode of the batU'ry^ and is ilie consumable 
element 

In <,irder to ac(adi*rnte tln^ mUsou of the battery u sttpply 
of air is be forecnl through an iron |ii|ie, wliieh ieniiiiialrs 
in a rose lumle. Thus tln^ air keeps the mrhm! bvilrate in 
constant agitatiem and at the sufne time supidn's oxygmi, 
whicli Jiuapms elainis is niu'essary for the i’liemmal nrtnni. 
Witli a cell of this mvM a etirrtuit of Ibti amperrs ni an 
K. M.F. of one volt is olaaiuefL 

A teat imide on a battery of ICM.I cells, eadi iwelv*’ iiieh«^»i 
decfi and one and miedndf inches in dinmeier, sinovnl ihiit 
thirty libeandleiKiwer lamps ware miiiiitiiiinHl for tneliictni 
and thrceopiarter lioiirs at full irH‘imdeseeinn% llii^ iivtn'‘iige 
K.M.F. lioing f'H) volts, current Itl amperes, I’uiiHiiiiiing 
pounds of carbon in tlie }»ots, to which, m eitniiiing eost. 
must lie added the carbon eonsuiiictl mitsiile ilie piii 
to lieat it 

As in the cmie of Mr. Oox's Imiit gtnterntor, there is rsi* 
ptwsibliMloubt that the current is prociiieeil liy heni m Mr. 
JiicrpicH’ ajiparatiis, but in this insliiime nisei ilie riirnml i-n 
of very low potential, iiimI the work tlmm iitil iippeiir In Inivt^ 
amounUnl to much more than llial of a verv iiilerofiinof 
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Itihorulory t-xiii-riiin'iit,; luHtaiiso it must be remembered that 
with tb thiTiiui-^'encriitorH no form of regulatioa appears 
to bo jiofifobl*' oxoopt. tbal of graduating tbe beat, 'wbicb 
motliod in hIow at b<>wt.. 'I'lmn, again, tbcy have only been 
tnod ill MitiaU ninos for whicli tlioro is no particular demand. 
Whom iiowovor, ihormo gonoratorK are constructed on such 
;i .Ht-alo limi a l>ig tiro of ohoap fuel can bo made to produce 
;i iiil't'o voliinto of oiirroiii, cvim supjiosing it to be at low 
toionoii, ihoii liioy will bo of paramount importance. Un- 
il.iiibioiUv, tho ooiubinutiou <tf dyiuuuo-clcctric generators 
with wuior whord.H will for a very lung time prove one of 
iljo ooojtomioal souri’o.H of eleetrio current, but a 

thi-rifio v'OTionilor plant loonlod in tho midst of the culm 
jolofi of 111'- ''..al r. -i.ms. if only reasonably economical, 
v...ul.l iiii'ioiibi. dlv displace nil mechanical moans and be 
„ ,..,1 i.t . ..user! vn! tim.'isos of what is now regarded as 
H loio o.iM . h eii ioiiv. which, as wc have seen, can be 

lai- i i» im - b"‘ trum«mis.don as far as desired, and 


lij, n U.-.vor. d at iho p-onl of oolisumptiou. Sucb a systom 
iiH ihiM onehi bo ovpooioil to be. unuvou in its action as 
eomparod wuh iho pro. out m-euraUdy regulated machinery. 
'Ph,H • .m bo ..sorooiim by supplying the low ten- 

f ii.n i Jill* 111 loon tho ihi i lie i gdiiei'utors to a storage battery 


aiop o ..omoU, lie- battery being discharged through tlic 
j„,.por ,..iuo!i,.i and iho current sent to lino in a steady, 
.-vooiv .. cuhit.-.i tu.w: Mouduiess of action being one of 
Il„. iu.o.! %.ii>i..i.lo aiiribitlos of the storage battery. Tho 
li„ no., ooo. iat.u promine.. to ho a large, heavy construe- 
l,..n ihom. raoo Pallorv we know to he such. When com- 

bui.-d in ..p< laii.m to* Jin-t proposed, tliese ohjeotions will 
ar, a b-w Ions more or less of iron luul lead and 
of nu .mpurunee. The fact that 
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thoHO two oloinaiitB can bc% inaila to co^opcriiie l»j irii'iinB of 
a bHovcI to coBVort what in now^ ubcIchh ruUlhBh, into powtir, 
in the form of electrie eurrtmi^ in the ail*iisi}Hiritiiit eoiiHiih 
oration which, will iiiTeot the health, c;«inifort aiiil prcmjieritj 
of future gonerationB. 


THIi X»KAY 

A arMPUK (leHeriptif>n of thiB, the wtoiiterfiil 

coverj made in eonneeiifm with eleetricity iuu! the inoBi 
recent, BcainH a fitting eonduBion to the jirr‘*stuit n-view. 
Ah in unuallj itie i'ane, exj»f*riintuiting IomI been gtiiiig cm 
for rniiny yearn in eorincmtioii with tlui iipjiMnilun which in 
now UHtal for tha production of the m lliai n fihort 

glanea backward in juHtiiiable. 

ProfcHHor Faraday, about the year tHriO, iiiniiy ex* 

perimentH in conmajtion witheh*etrio diHehinyo’H wiiluii rarf*- 
tied gaBCH. (huBnler, fellcmdug Faraday, iinpnnrd the tubcB 
UHcd by him for cumtiuning the rarcUled gii^en, aiaited ptuiiui’ 
nent jilatiniim eleciro«!t‘H into them, and iiicrt'iifnal the deio'ce 
of rarefaction of the gmvn witliui the lubefi. fli^ abo ex* 
perim©nt4Hl with miifiy clilTercmt giiaea, iiiui worked mii aoiiie 
very beautiftil color cfTcetB ft^r the priHttieiuiii tif wlneh th*^ 
OeiHHier tu ben are Htil! manufiietured luel uianh 

In the year 1 H 7 P and Hulmeipiently, Proftwor Willinm 
Orookci piiliUiil-ied a amdea of remarkiible piipi^rfi iijn»!i lla- 
diani, or, m he profernid to cull it, ii Fourth SiaO’ of Miiiier, 
tlicH© publicmtiona cli»cioHiiig great iidviinceH in i!if? ^siuiiy of 
the acniori i.if electric diHehiirgea wittdii rnrtifiiai Fn*-^ 

fcHHor CrookcH ileinonHtriited many things, the imilmhihurn 
id whicdi were HUggeHted by Faracliij^ ftinl thiTi' w tin 
that he prodiumfl X-!tiiya without kiicimniig it. Aiifwiiv he 


rm: x-ray 


389 


.'n-atlv iiiipi-nv.'il upon Uu! (uMHulcr tube and bronglit tlie 
tH!»' in vsln.-h tin' X-Kaya urn now produced to suci, a state 
of j..Tfofiioii tliut. that part of an X-Ray apparatus is always 
ri'lorn-ii to au tin- ('rookoH t\il)c. This consists of an ex- 
lian.Htv.l plu' s I'uUi similar to tlial of a largo incandescent 
, !,M irir lamp, throni-;li tlm sides of which project two or 
luor.' plaininm wires earefnlly sealed into the glass. The 
inner I'niiH of these wires are Homo inches apart in the in- 
ti rior >•! tin- htilh, and are jirovidod with small clcctrodes or 
ih iiee! phties iisnally of plalinuni or aluminum. Two of 
the H'e I are u ,rd at a linn-, their outer emls being connected 
to ilie two 1 oudueiors e\tendiug from the source of current. 
The eii. lilt o- thus e.iiiipli-led t<i the tube, within which are 
til,- eh . no . ihe end;* of whieli iii'u sejuiratcd and across 
y, ,,i, (I j..>. e the euneiit iiiUNt juiiip to I'etum to the source. 

‘I'iie \ r l ei. iiowii U;iy was iliseovcred during the year 
1-0.. !■. I').'!'. . oi Widu lni t’onrad Roentgen, of Wurtzhurg, 
iy,.,:ti V I'i..- i:n e- in itself invisible, but can be felt and 
i per ,•.!(•> faiuihur with its use. Professor Roent- 
, v.,e. . . p. rsn.i-ntnij' with several Lomml and Crookes 

ii, iei.,.!i b.ei one of the bitter ill action iusido of a bo.v in 

„ ,1,1,,. Now, It s.> bsippeiied that some iluorescent 

iii. ii. ii.ll v,.e! .11 a piei-e ..f paper that was lying near the 

and t ill , mai- iial yiowed visibly. IVofessor Roeiitgcn 
lool.e i :..i and f..nnd the cause, ami the X-Ray was discov- 
ered I'niM led to till' production of X- Raya in such quan- 

I iv lirni e ..’■.■inneiiiM coubl bp frcclv cafricd on, and these 
ler^ n lenult.-.i 111 t bii itinkiiiK of photographs and the 
.,pp!u-.i,ii..n . f lb*- ruv for surgical purposes. 

'i'.i inn'i >■ oi 'ilar e \iiiiiiiuilu'ii of coitccalod objoote, such 
a..e the hone., oi the butmin 1 -ody. it is necessary to place a 
rav pro i .i ing bulb on the opposite aulti of the body to he 
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examined, and to tlien catcli tlie rays coming throngli the 
hody m a device for rendering them practically visible and 
called a fluoroscope. This device is usually in the form of 
a pyramid-shaped box having an opening at its apex, and 
is held before the eyes of the observer like a stereopticon, 
when the shadows cast by the relatively opaque portions of 
the body through which the X-Rays are passing become 
patterned upon the screen of the fluorosoope and practi- 
cally show what is being sought 

The fluoroscope is a funnel-shaped or pyramidal box of 
wood or cardboard with an opening at the small end shaped 
to fit the upper part of the face, including the eyes of the 
observer. This box is light-tight, and its lower widest end 
IS completely closed by a thin slab of wood or other material 
easily pierced by the ray, and it is the inner side of this end 
piece which is coated with fluorescent material, as barium- 
platino-cyanide or tungstate of calcium, the two best ma- 
terials for the purpose, although many others can be used. 
In the absence of the X-Ray nothing is visible in the fluo- 
roscope. On looking into it when exposed to the ray the 
entire lower end or screen is brightly illuminated by the 
fluorescence developed by the X-Ray in the material with 
which it is coated, the effect resembling the appearance of a 
ground glass window at night with a good light behind it. 
If, now, the hand be held up against the outside of the 
screen, ihe large end of the fluoroscope, the X-Rays will 
pass through everything except the bones so readily as to 
illuminate the fluoroscope just as though the fingers were 
not there, except in those parts covered by the bones, 
through which the X-Rays do not pass so readily, so that 
those parts of the screen remain dark, thereby showing the 
outline or shadow of the bony structure of the hand. Sim- 
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ilarly, if a lead pencil were held np in front of the screen, a 
thin black line only wonld be seen, this line representing 
the lead. This is due to the fact that the rays pass 
through the wood of the pencil so easily as to illumi- 
nate the material of the screen covered by the wood of 
the pencil just as brightly as the rest of it, consequently 
the wood is not seen. 

X>Eays are produced by the passage of currents of very 
high potential between the separated inner ends of wires 
contained within a glass bulb from which the air has been 
almost completely exhausted. The ends of the wires in 
the bulb are provided with small metal plates which are 
set at such an angle as to throw or deflect the X-Eays 
outward through the sides of the glass bulb in the desired 
direction. 

The apparatus necessary to produce the ray comprises 
a source of current, which may be a battery, and a power- 
ful Euhmkorff (induction) coil (referred to under Distribu- 
tion of Current). The battery is connected to the primary 
of the induction coil and its current interrupted with great 
rapidity and distinctness, producing a rapid succession 
of alternating currents from the secondary coil, which 
is so proportioned that the currents flowing therefrom 
shall be of small quantity but very high pressure. The 
pressure or intensity of the secondary currents is ap- 
proximately estimated by the distance said currents will 
jump through the air between separated terminals. With 
the X-Eay apparatus induction coils are used of such 
enormous power as to be able to produce even a 12^' spark, 
although a spark or flash which will jump across between 
terminals separated by from four to six inches will ordi- 
narily answer. These high-tension currents are led directly 
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to tlie torininakof tlio C^rookon tube, mu\, in jitiiijiiiig tlirciiigh 
tho Hpac ‘0 boiwocni tho oleeirotJeH or tlollrHlirig {liiikiH of tJni 
ouiIh of the Hoparatotl innuinaln williiti iln^ Inilh, tlio X vltnj 
in tiovolopini 

Btnuigii tluHigh it uiHbmhUully ia thiil tliin ^vuinlorfii! 
form light, for it in a light, in inviHiltlo In iho vyp, it 
a phott^griiphio plato. tikt' any rtihrr light. I'lio iiiiii! 
raquirml to inakn an X-Uay pioinr*^ or nniiograph ilrpriolii 
upon ilio supply of X-Hnya, ami liaa linm rnioaslily 
ing ninco ilio tnhgina! iliamn'ory by Profraaor Uoiojigm. 
A plu^tograpli can now Uv takon in a ininnio or ao inairatf 
of rt*(|uiritig half an Inatr i»r imms m in tlio bogintiiiig. 
If any ono worn ti^ht tlmt a man ooithi hii\o a pltoUnfriipliio 
plato titnl to hia lairk, tho j-ihiit* hoing ii rt^giiliir liglit.’ 

tight plain hohinr, ami ih«*n alaml up for a i'.«n|-'o of inirr^ 
utoH ill front of a liltlo ghu'^a tm!b liilr*! wah a pji Ir sink! v^* 
loiiking light, ami ihui that pliittf r<mlil thmi \>v liiloni frinii 
tho holder ami ilnvidopiHl in tlm usnail way in a dark room 
and almw a phott»graph of that nuura lio «*»i 

Imlinvo it. It is so utterly hoyoml any ronri’piion t4 liiorliii 
mind im to he a rlear east] of aeiang is hidnwiiig. Wo 
nml wo. kmmn Wo know that tlm XJtny o,\ii4ii4, il 

iuaki‘H j^lioiograplm and hiHuiimo of tln.^ iinifri^!^oriii fiero«ai» 
hut liow hmg it hiw oxisiod and how <«l'irn li Imn hiuui prte 
dutuid wo do not know^ nor do wo kimw wluii tUlirr o!ilrnor^ 
diiiary proportitis of luglokumioti olootrio. ourrenl# uro iniit 
waiting to lai ilisoovoriHl, 

Tho Oii«o with wliioh tlui X-itay iimmm liircitigli tins 

dith'ront matoriiib smiiiis to \m loiiriioil oiily hv o,x|iori' 
nmni. It is doiiliifiti wlmilior any iiiiitoriii! mall iilwiilitioly 
atop ilii^ rays, Imt ii tliiok slioot of Itmil Siioiim In nlfijr llm 
groaft»Ht ahmmh yot ilimHivertHl, A litMik of ii llioiimiiit 
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im-vA not tlin X-Eay to any noticeable ex- 

Iriit Hiitl :iii olMorvution can U) carried on througb a thick 
jiinr h«i;ira witlMMii (Umculty. It iBjn fact, much easier 
!,» liMoitnni fltr rt'laiivcly opaque bodies than to catalogue 
ihrouf h winch tin* X-Eny pasBea without difficulty. 
Spfa! ro'iiorally, it may b<\ Hai<l that bone, glass and 
Home liM isn n parficiilnrly lead, arc relatively opaque to the 
X Uny, vaolo wiHul, leather, paper, water, tissue, carbon, 
ntiMon *'!«’ . arc iraiisparent, that is, olTer practically no 
Mlrc.ieh^ !»« till’ pa.isu'te of the my therethrough. The 
X luiv *-.in !>«■ (mcum'iI vvitlilu tlu^ bulb, but from there it 
rrriiii o* %vi!b f‘ \ tHM ♦rdiuury speed and in straight 

liiM’H, A |diMhi rajdiie h-iis is of no use whatever in con- 
jir.'tnui Willi It. lii-cuH-'M.* the rays pass straight throxigh, and 
iiw 1 » iiiii } d nor rrfrac.teih A photograph taken by 

ihr ihr'OO'h nn objec’t on to a ae-nsitixed plate 
»«t t!o- ?nuaic uH the olijoet, the only way of 
{ , /po 1 l « ! • !* j‘hoioi‘raphiug. ( )ne use of the X-Eay 

* i * ‘ o ! » irate that a inost wondm-ful thing had 

, p . ,5 f.o’ u Imiic tiuiiMvithoni any one knowing 

if_ ii!\c? 4 igal«irs in the belief that other 

iri-n- tbingH are only waiting to be dlscov- 

It., pr.p n.Pil Hi the prmuit time sdcms to he as 
mtU ibe surgeon could possibly have, 
p ■>, lM.|.rd ihiit the time will eorno when the 

X U.p, ... p r- .i i pf u •■s V. d! br aci’rssiblc to the poorest in <wcry 
,p, 1..PP ’rc.*-r«- ruiihl be no !»eiter stdiool for the 

id/spli’pi tiCii'h' laiM**'' up‘Ui such apparatus, and the 

f»«r when a brt>ki‘u bone was 

^,■'1 p.rp.ir.i iinpht iiho expiH’t an end to tbo 

Ip up ‘ ^ ;>.**'<'?•« tli. 

VP . > IM..* uu!.ii.>\vn rnv is in it«olt invimhie, 
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it tratels with great rapidity, maybe further than we 
think, and absolutely unhindered by any such trifles as 
storm or fog. The future may see it applied to light- 
houses, for if the rays could reach to the hori^ion, an ap- 
proaching vessel provided with a fluorescent screen, as by 
painting the deck-house with fluorescent paint, would 
catch some of them, and by a known system of signals, 
for instance the wireless or ‘'space telegraph^'" might be 
able to ascertain her position and be saved if in danger. 

Development is constantly going on in the electrical art, ^ 
but much of it is necessarily of a detailed and technical 
character, the effects of which are more apparent in the 
diminished cost of new installations than what is seen by 
the public at large, for which reason the writer has omitted 
mention of many things as of no general interest, and wliile 
he may have generalized on some subjects, it is because a 
technical explanation would be foreign to the scope of 
this work. 


The substance of the foregoing has been drawn from 
the accounts published as the various subjects have been 
brought forward; but the present writer desires to ac- 
knowledge courtesies extended to him in the matter of 
data and information by the Greneral Electric Company, 
the Westinghouse Company, and by his friend, Mr. T. 
Comerford Martin, editor of the “Electrical W*orld and 
Engineer” of New York City. 




